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PREFACE. 



Among the various objects which engage the 
attention, and occupy the leisure hours, of those 
who are favourably disposed to mental pursuits, 
the works of nature are not always sufficiently 
estimated and brought into view. The traveller 
and the historian, the artist and the artisan, offer 
their various works and productions -for the study 
or recreation of young and old: but they invite 
attention, for the most part, to the imperfect 
works of man; and their productions, though 
valuable m themselves, possess not the intrinsic 
worth of the more perfect works of nature ; nor 
can they, therefore, produce those ennobling results 
which the study of the latter is calculated to afford. 
The works of man bear with them the characteris- 
tics of man, and partake of his imperfections : yet, 
it is natural for us to feel an interest in them, as 
affording proof of the industry and skill of our 
fellow-creatures : but the works of nature bear the 
stamp and impress of the great and perfect Being 
who made man, and they, consequently, partake 
of the perfect nature of their divine Author. 



IV PREFACE. 

Among the numberless objects of creation, which 
invite our contemplation, and afford overpowering 
evidence of their divine Creator, there are none 
more worthily adapted to occupy our time than the 
STARRY HEAVENS, iucludiug a general survey of the 
arrangement and mechanism of the wondrous sys- 
tem of worlds, of which our Earth forms but a parts. 
We trust, therefore, that the reader, in devoting 
some of his hours of recreation to the perusal of the 
following pages, will become the more fully im- 
pressed with the feeling which prompted the excla- 
mation of the inspired writer: "The heavens 
declare the glory of God, and the firmament 
sheweth his handywork.'' 

It is necessary to state, that the present Volume 
includes several articles on Popular Astronomy, 
which have already appeared in the Saturday 
Magazine; but, in order to suit the purposes of 
the present series, those articles have been remo- 
delled, partly rewritten, and considerably extended. 

Salisbury, 
December y 1839. 
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RECREATIONS IN ASTRONOMY. 



INTRODUCTION. 

"When I consider thy heavens^ the work of thy 
fingers ; the moon and the stars, which thou hast 
ordained; — what is man, that thou art mindful of 
him? and the son of man^ that thou visitest him?" 
-^Psalm viii., 3, 4. 

When the inspired Psalmist gave utterance to these 
words, he was evidently under the influence of those 
feelings of awe, wonder, and admiration, which are 
sure to be excited in every intelligent mind, by the 
splendid and .sublime phenomena presented to us by 
the heavenly bodies. When we consider the magni- 
tude and the number of those bodies, the immense 
distances which separate them one from another, the 
ahnost inconceivable velocity with which they move, 
and that those which we can see form, probably, but 
a very small part of the whole number; — when we 
revolve these things in our minds, we are naturally 
brought to reflect on our own insignificance in the grand 
scheme of creation. If a man, after having applied to 
himself the vain and self-satisfying appellation of 
"lord of the creation," were to remember that thj 
glorious sun, and the planets which revolve around it, 
form but one particular division, class, or system in the 
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2 INTRODUCTION. 

universe, — ^that the earth is but an humble member of 
that system, and that he, man himself, is but a moving 
particle on the surface of the earth, — he may well be 
expected to give utterance to the sentiments of David, 
and to wonder how the Great Deity can regard with 
parental care so humble a member of so magnificent a 
whole. 

But this feeling, as Addison has beautifully shown,, 
arises from the narrow powers of our own minds. We 
know that our perceptive faculties soon reach a boun- 
dary beyond which we cannot pass: we study the laws 
of Optics, but we know not the nature of Light: — we 
feel that we live and think, but we know^ not what 
constitutes life and thought. When, therefore, we 
judge of the Great Creator, by our own standard, we 
are lost in wonder at the vastness and at the minute- 
ness, as also at the countless number of the objects 
which are under the Divine protection. But when we 
consider G^ as an Omnipresent and Onmiscient Being, 
we then admit, indeed, that nothing is too vast, nothing 
too minute, nothing too numerous, for His notice; that 
He who could create and arrange the whofe, can also 
watch over and preserve the minutest parts of thai 
whole. Our notions of great and small are derived 
from our own imperfect experience, and strikingly show 
the limited scope of our minds. The distance of the 
sun from the earth is a quantity so immense, as almost 
to perplex the mind which reflects on it; and yet that 
distance is small, compared with the distance of the 
fixed stars:— -again, the minuteness of the nerves and 
smaller blood-vessels of the human body, is such as to 
require the microscope to aid us in an examination of 
their structure, and yet there are other entire animals, 
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endowed with life and powers of motion, which are so 
minnte that the e^e cannot perceive them. The words 
greca and small^ then, are for man s use; to the Almighty 
nothing is great, nothing is small; the revolving planet, 
and the animalcule whose world is a drop of water, 
being equally objects of His ever-active care. This 
divinely-sustaining power of Him, in whom " we live, 
and move, and have our being," is so obvious, that we 
may exclaim with the poet Thomson — 

Were every falt'ring tongue of man. 

Almighty Father ! silent in Thy praise. 

Thy Works themselves would raise a general voice,. 

E'en m the depth of solitary woods 

By human foot untrod; — ^proclaim Thy power. 

And to the choir celestial Thee resound, 

Th' eternal cause, support, and end, of all ! 

Nothing is more calculated to elevate the mind, and 
to display to us the wonders of Creation, than the study 
of Astronomy. We propose, therefore, to place before 
our readers a popular view of the elements, which 
serve for the basis of the astronomer's study. In doing 
this, we need not have recourse to the mathematical 
reasonings on which the various statements of the as- 
tronomer are founded ; but we shall confine ourselves 
to such a simple explanation of the Mechanism of the 
Heavens as may pave the way for the study of a more 
systematic treatise. We trust, therefore, that both 
those who have, 'and those who have not, an oppor- 
tunity of referring to more elaborate works, will not 
find the following pages devoid of instruction. 
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CHAPTER I. 

GEVERAI. APPEARAXCE OF THE HEAVEX8. FORM OF THE 
EARTH. THE SUX^ MOOX, AND STARS. RISING AND 
SETTING OF CELESTIAL BODIES. THE F0LE-8TA1U 
PLANETS. COMETS. 

Let us suppose a mau to be totally ignorant of Astro* 
nomy, and to turn his attention from events occurring 
upon earthy to those which are presented by the heavens* 
He sees a brilliant and glowing body, the Sun, rise in 
the east, at from four to eight o'clock in the morning,, 
according to the season of the year. This body gra- 
dually attains a considerable altitude in the heavens, 
and continues to rise until noon; — ^it then gradually 
descends, and in its descent, bends towards the west,, 
where it sinks, (apparently below the earth,) some 
time between four and eight o'clock in the afternoon. 
The spectator now loses sight of the glorious orb, which 
does not again become visible for several hours; and 
when it does again appear, it is not at the point where 
it escaped from view, but at the opposite side of the 
heavens, namely, at the point where it first appeared 
on the preceding day. On watching the progress of 
the sun, he finds that the path, before noticed, is again 
travelled over by the luminary, which becomes lost to 
his view, as before, in the west. A third and a fourth 
day the same phenomenon occurs; and the question 
naturally suggests itself to the observer's mind, ^^ Is it 
the same cheering and dazzling visiter which I see day 
after day, or are they different bodies, resembling one 
another, and following one after another?" Were he. 
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to confine his attention to the occurrences of only a few 
days, he would, perhaps, think the latter supposition 
to be correct, yiz., that they were different bodies which 
thus appeared to him day after day. But if he were to 
continue his observations for weeks, months, years, or 
the greater part of his life, and to find that the daily 
appearance of such a body still continued, he could 
hardly fail to conclude that it was the same body which 
tlnis 60 frequently attracted his attention and admira- 
tion. " But how?" (he might say,) " do I not see this 
raddy disk of light dip into the ground in the west, 
and appear to me again in the east on the following 
.moniing : what becomes of it in the meanwhile ?" To 
answer this question, or to obtain the means of answer- 
ing it, he would, perhaps, trace more particularly the 
path which the sun followed from morning to evening, 
which he would find to be a semicircle, or a curve not 
difSaring much from it. If, likewise, he were to take 
Jiote of the time occupied in these occuzienoes, he would 
soon find the time that the sun is above the surface of 
the earth to be, on an. average, equal to the time that it 
is invisible. 

From these two facts, it would be- by.no means un- 
naicmable to arrive at the conclusion, that the Sun 
moves in a circle; and that, 'while he is invisible to ns, 
he is passing Tound the Earth,: in a direction from west 
to east, at which latter point he anives at the moment 
that the observer sees him rise in the morning. 

■ Here a difficulty arises, which, it may well be sup- 
posed, would perplex the uninitiated observer. What 
can be meant by going round the Earth, if the Earth be, 
as it seems to our eyes, a flat and extended surface of 
ground, or water, which seems to touch the sky at the 
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farthest points wldch the eye can reach:— 4iow then 
can the son pass round this ? There can scarcely be a 
more reasonable qnesticMi, so long as we judge merely 
by what meets the eye ; but, if we extend our obser- 
yations to certain appearances on the ocean, we begin 
to see proof that the surface of the water is not quite 
flat. On land, we have not the means of making a 
iunilar observation, because of the intervention of 
mountains and valleys. The proof that the sur£EM}e of 
water is not quite flat is derived from the follovnng 
circumstance. If we are at sea, on a clear day, and 
watch the approach of a vessel from a distance, we find 
that the masts are visible sooner than the hull: we first 
see the top of the masts ; then the'^ whole height of the 
masts gradually comes into view ; and finally, we see 
thQ hull. These different appearances of the ship, as it 
approaches towards the observer, are represented in the 
following figure. This could not occur if the earth 



Fig. 8. 




were perfectly flat, because then the hull and masts 
would come into view at the same time. It matters 
not what part of the world be chosen as the place of 
experiment; the result is almostexactly the same eveiy^ 
where, and the amount of the bending of the surface 
of the ocean may be illustrated thus: — ^If we had a 
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piece of siring four miles long, and were to apply both 
ends to the surface of still water, and could possibly 
draw the string into a perfectly straight line, the middle 
-of the string would be about sixteen inches below the 
surface of the water ; thus showing that the water is 
not quite flat. 

Thus might be supposed to arise the first conjecture 
that the Earth is round, like a ball ; a fact which was 
clearly proved by Captain Cook, who performed a 
voyage completely round the earth, about the year 1769. 
He left a given spot, and arrived again at that spot by 
an opposite course. This had been also done by the 
Spaniards, about the year 1520. There is an abundance 
of proof, derived from other sources, that the Earth is 
a globe ; but those vrill open upon us more plainly, as 
we advance. 

We have hitherto endeavoured to trace what would 
probably be the feelings and opinions of one who, with- 
out previous instruction in Astronomy, should note the 
appearances presented by the Sun. But that golden orb 
is not seen to be a solitary inhabitant of the sky: another 
luminous body about as large in apparent size as the 
Sun^ would soon attract the notice of the gazer. He 
would see it rise in the east, soar aloft, and then sink 
in the west. After the lapse of a few hours it would 
again appear in the east, attain a height from which it 
would again descend, to sink as before in the west. 
The train of reasoninof which would lead the observer 
to conclude that the Sun revolved round the Earth, 
would lead him to a similar conclusion regarding the 
Moon. But here the resemblance terminates. The Sun 
always presents a perfect circle to the eye of the observer 
day after day, and month after month ; but a few even- 
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ings suffice to show that such is not the case with the 
Moon: at one time a crescent only is seen^ whose hol- 
low side is towards the left of the observer ; at another 
time the hollow side is towards the right : the crescent 
sometimes enlarges to a perfect circle; which at other 
times contracts from a circle to a crescent. If, then, the 
Moon be a ball or globular body, shedding light upon 
the Earth, there is great difficulty in conceiving what 
can occasion the change in its apparent shape ; but, if 
we were to consider the Moon to be an opaque or non- 
luminous body, we should find the means of explaining 
the change in its apparent figure, by supposing that the 
Sun shines upon the Moon, and that it is only by the 
reflection of the Sun's light from the Moon that the 
Moon becomes visible to us. If we place a large round 
ball on a table, in a place where the Sun is shining, 
we shall see the ball more or less illuminated, according 
to our position with regard to the ball and the Sun: in 
one position, the ball will appear to be equally divided 
by a boundary line, into two semicircles, one illuminated 
and the other in the shade: in another position, the 
illuminated portion will be only a crescent, all the rest 
being shaded : from another point again it will all ap- 
pear illuminated, except a small crescent of shade. If 
the observer watch the relative positions of the Sun and 
Moon, he will see that the shape of the bright part of 
the Moon depends on its relative position in respect of 
the Sun ; just as the bright portion of the illuminated 
ball depended on the position in which he viewed it. 

We should in this way find the means of accounting 
for the change in the shape of the Moon. We shall, 
by and bye, show that these suppositions are really 
true. But another point would attract the notice oi 
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the observer, independ^itly of the chaaige in apparent 
form. If the two hrilHant bodies, the Sun and Moon, 
were observed to be* near each other on a certain day 
when the latter appeared as a thin crescent to the left 
•of the Sun, they would be seen the next day further 
removed, and on tiie following day, at a still greater 
•distance £rom each other: if^ therefore, the motion of 
the Moon round the Earth be admitted, it is necessary 
to suppose that motion to be slower than the Sun's 
motion round the Earth. 

But in addition to the glowing light of the Sun and 
iloon, a glittering assemblage of smaller bodies meets 
the eye of the observer: a crowd of little spangles 
Adorns the sky when the Sun has left it, and softens 
ihe dreary darkness which results from his absence. 
I]!he8e stars are seen to resonble the' Sun and Moon in 
the circumstance of rising in or near the east, attaining 
A certain altitude, and setting in the west ; £rpm which 
idbroumstance the observer infers that the stars, like the 
iSon and Moon, revolve round the Earth. But, by a 
careful attention to different stars, he would find that 
tike same remark does not apply to all. Those which 
irise exactly in. the east, set exactly in the west ; those 
which rise to the south of east, set south of west ; and 
many which rise somewhat north of east, set somewhat 
north of west; but in looking northward he sees stars 
which appear neither to rise nor to set, but which per- 
form a complete circle round a particular point of the 
heavens. For example, — ^there are seven stars, which, 
to most persons who pay any attention to the appear- 
ance of the heavens, are known under the name of the 
Great Bear. These stars never rise or set to an inhabit- 
ant of London. If they become invisible, it is eithei: 
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because clouds obscure them, or the superior briUiancy 
«f the Sun drowns tlieir comparatively feeble li^it. 
The sacme may be said of £Te co&spicuous stars known 
by the name of Cassiopeia's Chair. 

If we watch the progress of these stars, and^ others 
in their yicinity, we shall find that they describe a 
circle round a star called the Pole-star. The position 
of this star we shall £nd to be nearly this : if we sup- 
pose the distance from the north point of our horizmi 
(which is the Hne in which the surface of the earth 
appears to touch the sky) to the zenith (which is the 
point immediately over our heads) to be divided into 
five equal parts, then at about the height of three of 
those parts from the earth, will be seen the Pole-star. 

All this would, seem to show to an observer, that 
the Pole-star is the end of an axis round which all the 
stars revolve, and f^at the reason why we capnot see 
the whole circular path of any stars except of those in 
.the vicinity of the Pole-star, is, that they pass round 
imder the Earth during a part of their journey, and are 
therefore concealed from our view. Those stars whidi 
are further removed from the Pole-star describe larger 
circles than those which are nearer, while the Pole-star 
is almost stationary. This is exactly what takes place 
when we see a wheel turn round; the axle remains in 
one spot, but any particular point on the outer edge of 
the wheel describes a larger circle than that which is 
described. by any point between the axle and the cir- 
oom&rence. 

If we consider the Pole-star to form one end of the 
jode or axis round which the stars revolve, then it is 
.obvious that there must be an opposite end of the same 
axis, in the contrary direction. If then we turn to- 
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wards the south, with the expectation of seeing such 
a point, we shall find that it will not be realized ; for 
none of the stars in that quarter are seen to describe 
circles ; for they all rise and set. Still, however, the 
semicircles or portions of semicircles, commonly called 
arcs, which they describe, appear to have a common 
centre, which is some distance below the horizon ; and 
this centre may be considered as the southern end of 
the axis before spoken of. 

If we suppose the observer to have arrived at this 
amount of information respecting the stars, he will be 
prepared to notice the uniformity of the positions of 
the stars with respect to one another. The Great Bear, 
for instance, whether it be under or oyer the Pole-star, 
or at the right or the left of it, will always have its 
seven principal stars at the same relative distances from 
each other. The changes which take place in the dis" 
tance of the sun from the moon, would lead to the 
opinion that these revolve round the earth in unequal 
times; and by similar reasoning, the constant main- 
tenance of the same distance between any two stars 
would seem to imply that the stars revolve in equal 
times. 

The seeming myriads of stars which present them- 
selves to the notice of the observer all appear to follow 
this rule, of remaining at the same relative distances 
from one another, with very few exceptions. These 
exceptions are, indeed, so few, that a constant watching 
of the same part of the heavens for a considerable 
period would be necessary to determine that a star had 
actually changed its place relatively to other stars. 
There have, however, been discovered at different times. 
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ten stars, more or less brilliant, which change their 
relative distances from one another, and from other 
stars. These we know by the name of Planets ; and 
hj a careful attention to their movements, it is seen 
that each one travels in a curved path among the other 
stars, and returns again nearly to the point from whence 
it set out. 

At intervals, again, star-like bodies of another order 
present themselves, whose progress among the other 
stars is more rapid than that of the planets ; and which, 
at a period more or less brief, vanish altogether from 
the view of the observer, and do not return till after a 
long absence. To such bodies we give the name of 
Comets. 

Such, then, are the equally sublime and fascinating 
appearances which present themselves to the eye of, an 
observer, when that eye is directed towards the heavens. 
That the invigorating and fructifying warmth and light 
shed by the sun, — ^the serene, quiet light of the moon, 
— ^and the diamond-like glittering of the stars, — should 
invite men to a study of the laws which, under their 
Divine Creator, govern the motions of such exquisite 
globes of light, is what we are not only prepared to 
expect, but fancy that we should feel disappointment 
in finding it otherwise. Man is not, by nature, the 
cold heartless being who can let such beauties pass 
unheeded; and if he approach the study with the 
humility which true self-knowledge is calculated to 
engender, he becomes more and more able to appreciate 
the surpassing grandeur and power of the great Being 
who made and who rules all. "Well, indeed, may we 
direct our attention to the phenomena which we have 
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briefly described, and to which Milton so exquisitely 
alludes in the following lines : — 

First in his East the glorious lamp was seen^ 
Begent of day, and all th' horizon ronnd 
Invested idth hright rays, jocimd to mn 
His longitude through Heaven*s high road ; the gray 
Dawn, and the Pleiades* before him danced. 
Shedding sweet influence : less bright the moon. 
But opposite in levell'd West was set 
His mirror, with fail face borrowing her light 
From him ; for other light she needed none 
In that aspect, and still that distance keeps- 
Till night ; then in the East her turn she shines, 
Bevolved on Heaven's great axle, and her reign 
With thousand lesser lights dividual holds. 
With thousand thousand stars, that then appear'd 
Spangling the hemisphere : then first adom'd 
With their bright luminaries that set and rose. 
Glad evening and glad mom crown'd the fourth day. 

Par. Lost, b. viL 

* Seven small stars clustered together in the constellation 
Taurus. These stars rise with the sun about the time of 
Spring, and our poet, in this passage, intimates the old and 
common opinion that the Creation took place in the Spring. 
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CHAPTEE II. 

THEORIES TO EXPLAIV THE MOTI0X8 OF THE HEATENLT 
BO]>IE8. PT0LEM7. COPEAWICUS. TYCHO JBEABE* 

ITEWTOir.. A POPUI.A& VIEW OF THE THEO&T OF G&A- 
VITATIOV. 

In yery early ages, before Eun^ occupied a page in 
the history of nations, the phenomena of the heavens 
were studied with great attention by several natio^^ of 
the East. The Chaldeans, the Indians, the Chinese^ 
and the Egyptians, have all left evidences of the industry 
and ingenuity with which their observations were con- 
ducted. They constructed observatories, — invented 
instruments for observing and measuring with accuracy, 
— separated the stars into different groups, called Con- 
stellations, for the facility of finding any individual 
star, — gave particular names to most of the moving 
stars or planets, and noted the period which each took 
to move through its apparent path in the heavens; 
and, in many other ways, the ancients helped to lay 
tiie foundation of that mass of astronomical knowledge 
which the men of later ages have brought to mote 
maturity. 

Various opinions were formed respecting the motions 
oi the Sun, Moon, and stars of all kinds, both with 
reference to one another, and also to the Earth; but the 
first theory which had attained a name and an import- 
ance in the early ages of the world, was that of Ptolemy, 
a distinguished Egyptian astronomer, who lived about 
one hundred and thirty yeaxs after the birth of Christ. 
He conceived that the various bodies which had been 
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distinguished hy the appellation of '' the heavenly host," 
were disposed in the order represented in the annexed 
diagram. 

He supposed, according to the popular opinion, that 
the Earth was fixed as the centre of the universe, 
and that the Sun, Moon, Planets, and Stars, revolved 
round it in the following order; namely — the Moon, 
Mercury, Venus, Sun, Mars, Jupiter, and Saturn ; the 
Moon being the nearest, and so on ; exterior to all of 
which, he supposed that a great concave sphere in 
which all the stars were fixed, kept on revolving round 
the Earth. From the early history of Astronomy, we 
learn that before the time of Ptolemy it had been con- 
jectured by some that the Earth passed round the Sun, 
and not the Sun round the Earth ; but the difficulty of 
believing a statement so contrary to appearances and to 
the evidence of one's physical senses, led to the rejection 
of this opinion ; and although it was afterwards found 
to be correct, yet nearly two thousand years elapsed 
before such a theory was generally admitted by philo- 
sophers. 

After Ptolemy had promulgated the theory which 
bears his name, he found that there were certain diffi- 
culties which followed from the adoption of it. He 
conceived that the seven bodies mentioned before which 
revolved round the Earth, moved in the same general 
direction from west to east. But on watchinof the 
progress of some of the planets, he found that they did 
not appear to travel uniformly round the Earth, but 
seemed to have, at certain times, a retrograde or oppo- 
site motion, with reference to the other planets ; while 
at other times they seemed to be stationary. To 
account for this, he was obliged to suppose that those 
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planets did not reTolve in a perfect circle round tlie 
Earth, but that they described a peculiar path called an 
^pietfdM^ of the nature of which some idea may be 
formed from the following illustration : — If we had a 
large coach wheel, and by any contriyance could make 
a smaller wheel roll loimd the outside of it, at its circum- 
ference, then any. particular point on the small wheel 
would describe that curve which is called an epicycloid: 
the axle of the small wheel would describe a perfect 
circle, but it is easy to see that any point on the edge 
would not describe a dxde. Ptcdesny was obliged to 
multiply these epicycloids to a most perplexing extent, 
in order to account for the various appearances of the 
planets. It is to this circumstance that Milton alluded, 
when he spoke of tiie shifts and difficulties which beset 
the prepress of those who build their opinions on a 
wrong foundation :-« 

When they come to model Heaven 
And Gaiknlate the stars, how they will wield 
The mighty frame ; how build, imboild, contrive. 
To save appearances ; how gird the Efphere 
With centric and eccentric scribbled o'er. 
Cycle and epicycle, orb in orb. — Par. Lost. b. viiL 

There is nothing which more beautifully shows the 
power and force of truth, than the embarrassments 
which retard the progress of those who do not take 
truth for their guide. In religion, in morals, in science, 
he whose steps are guided by the light of truth, can 
arrive, by a short and pleasant path, at results which 
others can scarcely obtain by a complex and wearying 
track. Thus Ptolemy was forced to assume the exis- 
tence of much imwieldy machinery in the scheme of the 
:heavens, in order to account for those motions which 
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are most simple and beautiful; this was because be 
placed (in bis own imagination,) tbe eartb in tbe midst 
of tbe heavenly bodies, all of which were made to 
revolve round it. 

Great as were the difficulties which attended the 
adoption of the Ptolemaic system, it yet retained its 
ground, with some slight modifications, until the time 
of Nicholas Copernicus, an eminent astronomer, who 
was bom at Thorn, in Polish Prussia, in 1473. This 
distinguished individual . perceived the unreasonable 
results which follow from the theory of Ptolemy. That 
all the planets, the Sun, the Moon, and all the stars 
and comets, should revolve round the Eartb, seemed to 
him much more unnatural and complex than that the 
Earth should revolve on its own axis, and move in an 
orbit round the Sun. All appearances of the heavenly 
bodies can be explained with much greater ease and 
simplicity by the latter supposition than by the former; 
and Copernicus was thus led, after the study of forty 
years, to the adoption of a theory which had been 
advocated by Pythagoras and Thalcs of Greece, five or 
six hundred years before the time of Ptolemy. 

Figure 4, is a representation of the solar system, 
according to the theory of Copernicus. In this system 
the sun, the glorious source of light and heat to us, is 
placed in the centre. Round him the planets revolve 
in the following order : — Mercury, Venus, Earth, Mars, 
Jupiter, and Saturn. Since the time of Copernicus, 
five more planets have been discovered, namely, Uranus, 
Pallas, Vesta, Juno, and Ceres. In order to account 
for the phenomena presented by the Moon, Copernicus 
assumed, (what has since been confirmed,) that the 
Moon has a twofold motion^ — around the Earth and 
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TOimd the Son; a smsdl circle, theiefore, sniroiinds' the 
Eaxih, which circle represents the path of the* Mooit 
round the Earth, while the Earth and the accompan]p 
iag Moon together revolve round the Sun; TUb* 
figure €i course represents the Oopemioan 83rstem with 
the addition of the. five planets since discovered* The 
circles represent the orbits of the several planets ; that 
is, the paths in which the^ travel in their progress 
round the Sun. ThJe distances of these circles from the 
centre at which tiie Sun is placed, could not conve- 
niently he in the same proportion one^to another, as the 
real distances of the planets are respectively front the 
Sun,^becanse<the innermost orbits would be too small to 
be convenientiyseen. The real proportions, however, 
which exist between 'the distances of the pianets fromi. 
the Sun^ admit* of being eadly understood. fVr in*- 
stance, the-Eaith^ (as we shall heresfiber ezplaiH more 
fvllj,) is about mnetj-fi-ve miilionsiof: miles &om: the 
Smu If now wetsdl that^^btanoe IVthedistaaBcesof 
the otherien planets £Eom' the- Son^. will! be (represented 
by the following unmbex^: with: suffibient nearaesff for 
om pzeBent ^purpose*. . 
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There was an astronomer of very great skill, who 
liyed about the same time as Copernicus, who thought 
that a mean might be struck between the theories of 
Ptolemy and Copernicus, hy which the favourite idea 
of a celestial revolution round the Earth should still be 
retained, and so concession might be made both to the 
growing authority of science, and to the persuasion of 
men's senses. This astronomer was Tycho Brahe, who 
was bom iA 1546, at Knudstrup, in Denmark. The 
system advocated by him, and which is named from the 
inventor the Tychonic system, is represented in the 
annexed diagram. 

In this system, which was published about the year 
1«586, the Sun is considered as a centre, round which 
five of the planets revolve ; namely, Mercury, Venus, 
Mars, Jupiter^ and Saturn ; while, at the same time, 
the Sun himself^ with all those planets, revolves round 
the Earth. It certainly appears strange^ that a man of 
such eminent abilities as Tycho was, should have pre- 
ferred this ponderous arrangement to the more simple 
theory advocated by Copernicus. After the death of 
Tycho, his theory gradually sank in the estimation of 
philosophers, who found, in the arrangement advocated 
by Copernicus, the means of explaining celestial pheno- 
mena by less complex reasonings than by the theories 
either of Ptolemy or of Tycho Brahe. 

Here, then, we arrive at an important part of our 
.subject; that there are^ as we shall hereafter show more 
-clearly, immense bodies revolving in orbits which mea- 
sure millions of miles across. The appearances presented 
to the eye lead to an opinion that these bodies revolve 
round the earth ; but a further inquiry into the accom- 
panying circumstances^ have led men universally^ at the 
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present day, to conclude that the Earth and the cfth&t 
planets revolve round the Sun. 

What then can keep these splendid hodies in motion? 
How did they first hegin to move ? And why do they 
revolve round the Sun instead of moving in a straight 
line ? These questions naturally occur to our minds^ 
for our humhle faculties can give us but a faint idea of 
the powers necessary to keep such immense masses in 
motion. If we see a carriage passing with great rapi- 
dity along a railway, we can account for its motion, by- 
tracing the action of steam-pressure' upon a piston; 
which by connecting machinery makes the axles of Vm 
wheels revolve, and thus sets the whole vehiclo in 
motion. If we see a carriage passing along the street^ 
we can assign a cause for its motion, by the muscular 
efibrts of the horse which is attached to it. If a b^ • 
be shot ftom a cannon, its flight is so rapid as to render^ 
it invisible to us^ but we can* account for its motion by? 
considering that a quantity of gunpowder^ small i». 
Imlk, suddenly enlarges to about* two thousand times 
its former dimensions, by being converted into gas^ 
when heat is applied; and that tho endeavour to 
obtain two thousand times as much room as it before 
occupied, aets with such pressure against the ball as to ^ 
force it out with fearful velocity. All this we can im- 
dexstand, because we can trace the progress of the 
oceurrences step by step. But when we turn to the 
heavens, we are lost in wonder ! Ottr means of judgtog 
admit of no such details of comparison as those which 
before assisted us ; and we are brought to the conclu- 
sion that' the Almighty, for his own wise purposes, 
impressed upon the heavenly bodies those motions 
whidi we know they possess,— whidbt we can calculate 
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and measure, — ^but the origin of which we can here 
never know. 

But ought this circumstance to prevent us from 
studying the nature and extent of the motions im- 
pressed upon these glorious bodies ? Is it presumptu- 
ous in us to endeavour to become acquainted with the 
laws which, once known, will give us additional 
proofs of the wisdom and power of the Divine Architect 
of the heavens ? Assuredly not ! The origin of those 
movements we know not, but the study of the nature 
and direction of them is a noble and fitting employ- 
ment for the human mind. 

In the century following the age of Copernicus and 
Tycho Brahe, there sprang up a genius, who was 
destined to add more to the amount of human know- 
ledge in this path than any one, perhaps, who had 
previously existed. This was Sir Isaac Newton, who 
was bom in 1642, at Woolsthorpe, in Lincolnshire. 
This distinguished man displayed from boyhood an 
ardent love for the study of the natural phenomena 
around him. When a child he made clepsydras, or 
clocks which told the hour by the descent of water, 
throuorh an orifice at the bottom of a vessel. He also 
constructed a windmill, which was worked in part by a 
mouse placed inside. As he grew towards manhood, 
his soaring mind directed itself to the sublime pheno- 
mena presented by the heavens, and to the nature and 
composition of light. That part of his career which 
more particularly concerns us at present, we will now 
consider. 

When Newton was about twenty-three years of age, 
he was forced to leave Cambridge where he had been 
residing, on account of the appearance of the plague 
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in that town. He retired to Woolsthorpe, where, sit- 
ting one day in his garden, he saw an apple fall from a 
tree at his feet. The falling of an apple might have 
been noticed often enough; but Newton's searching 
mind directed itself to this inquiry : " Why does the 
apple fall, when it is loosened from the tree ? " Some 
may laugh at such a question^ — some have laughed at 
it, — and yet the only answer which the laughers 
could give, would be, *^ Because it is the nature of 
things to fall, when unsupported." This vague expla- 
nation did not satisfy the sagacious Newton. He set 
himself to consider the nature of the occurrence which 
had attracted his notice, and of others similar to it, and 
he finished by framing that train of opinions which, 
under the name of the Theory of Gravitation, laid the 
foundation of all correct knowledge of the motions of 
the heavenly bodies, and which is now received by all 
who deserve the name of philosophers. 

All intellectual eye, our solar round 

First gazing through, he by the blended power 

Of gravitation and projection saw 

The whole in silent harmony revolve. — Thomson. 

We shall here find it convenient to consider the 
nature of this force of gravitation, and will endeavour 
to do so in the simplest way possible. Every particle 
of matter in the creation has a tendency to attract, or 
draw towards itself, every other particle, however 
distant it may be. We know not what this attraction 
is; we can therefore only judge of it by its effects. 
This attraction is of different degrees of force according 
to the size or density of the attracting body. A small 
loadstone or magnet will take up a little key, whereas 
a larger magnet will take up a larger key: so it is with 
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attraction; a. lump of lead weighing one .pound onlj, 
4ittracts -a distant body with half the focce which is 
exerted by another piece of lead weighing two pounds. 
Again, the force of this invisible agency is subject to 
variation, with respect to the distance between ite 
•sttracting and attracted bodies. If a mass of lead be 
the attxacting body, and two equal-sized bodies beat 
«ome distance from it, the one which is the neaarar ef 
the two will be attracted vnijb. greater .force than that 
•which is farther removed. The diminution of attract- 
.ive power from increase of distance is much more^]B^Hd 
than from the lessening of the size ^ of the attra^ing 
body. Por instance, if any -mass of matter attoKSt 
another mass with such force as to make it move 
through twenty feet in a second of time; then, if the 
first mass be removed to double its former distance, ike 
strength of the attraction ¥rill be so nmch weakened, 
that the second body will move only £ve feet in a 
second, or with one4burth of its former rapidity. 

These simple principles, when applied to such 
immense bodies as the planets, produce results of a 
gigantic kind. It may be asked, *^ If a pound of lead 
will attract a piece of cork more strongly at the dis- 
tance of one than of two feet, how is it that we cannot 
see the proofe of such a fact in practice?" The reason 
is, that the Earth itself forms «uch an enormous mass 
of matter that it completely neutralizes the effects of 
the comparatively small bodies at its surface. In strict 
truth, if an apple be suspended from the branch of a 
tree, it tends to attract the Earth upwards to meet it; 
but the attraction of the Earth for the apple is so incal- 
culably more powerful, that the moment the apple is 
loosened from the tree, the Earth draws it down to 
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meet * it, and tliat is what occnrs whai we say tliat the 
apple falls. Suppose that, instead of an apple, a mass 
of lead weighing a thousand pounds, were for a moment 
'Sospended in the 'air ; the lead wonld tend to attract 
the iEsrth upwards towards itself with much greater 
force than the apple had done: but still the Earth's 
attraction would so completely overpower the lead, that 
it*w8cdd be drawn down to the Earth ; while the latter 
"wwM rise to meetit by a quantity, wholly inappre- 
'^cisble by mortal sense, thou^ not by computation. 

Bat let us mow suppose a body placed in the universe, 
- eqriarin size to the Earth, but at some distance from it. 
Here -we perceive i^at there is no reason why the Earth 
dMoid attract liieoiiier body more strongly than the 
latter attracts the Earth ; accOTdingly, if they were 
bofli free to ^move, they would naturally approach 
tvwards eadli other,- each one moving through half the 
tliatance which separated them. If, therefore, we were 
to snppose that the universe contained many such 
bodies, each as large as the Earth, each one would 
attract all the others, with a force varpng only as the 
several distances varied. But if one body were very 
mudi larger than any of the others, it would attract 
eadi of the othersmore powerfully than itself could be 
attracted; and would not, therefore, have to move 
timmgh so great a distance to meet any of the other 
bodies, as they would have to move through, in order 
to* meet it. 

An this admits of being impressed upon the mind 
with tolerable clearness, so long as we consider the 
'bodies to be in the first instance stationary, and then 
receiving an impulse. But how can we explain the 
eurred path 'which each of the heavenly bodies de- 
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scribes in its progress through space ; and why do not 
all the planets get close together by virtue of the 
attraction which draws them one to another ? These 
questions we cannot answer without a previous atten- 
tion to other particulars, which we must shortly ex- 
plain. 

If we stand at the top of a high tower, and throw a 
stone forward to the ground^ we shall find that the 
jstone will not proceed on in a straight line, but that it 
will soon assume a bending path and approach towards 
the earth. The direction in which this bending occurs, 
is such as to bring the stone to the earth in a more 
perpendicular direction than it had when it set out. 
Now the reason why the stone is thus forced to change 
the direction in which it first began to move, is because 
the Earth attracts it and hastens its descent. If we 
suppose it possible that a hole could be bored through 
the Earth from side to side, we should find the mass of 
matter would be more accumulated in the direction 
which passes through the centre of the Earth than in 
any other direction ; and as bodies attract other bodies 
in proportion to their mass of matter, we see reason to 
believe that a falling stone is attracted more powerfully 
towards the central direction of the Earth, than towards 
any other part. When, therefore, the stone has left the 
hand, it gradually tends to a direction perpendicular to 
the surface of the Earth, or it gets into a direction 
which, if continued, would lead to the centre of the 
Earth. 

Now if there were no such force as gravitation, the 
stone would proceed in the same straight line in which 
it was first propelled. If it were thrown upward from 
the surface of the Earth, it would continue to travel 
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upwards, without ever aorain descending to the Earth. 
Here we should remember that there is in nature no such 
thing as up and down; but ihsi up means simply a 
departure from the centre of the Earth, down an ap- 
proaching towards that centre. 

We all know with what amazing velocity a cannon- 
ball moves, after it has left the mouth of the cannon ; 
yet it soon begins to decline towards the Earth, whether 
it be originally shot from the cannon in a horizontal or 
in an upward direction. But still the curvature of its 
path towards the Earth is much less rapid than in the 
case of the stone, because the latter moved so much 
more slowly. The mortar in St. James's Park can 
propel a bomb to a distance of about four miles, 
before the bomb will fall to the Earth ; whereas a stone 
thrown by a very powerful arm would certainly faJl 
to the ground within a few hundred yards. Suppose 
n6w that it were possible to increase to an indefinite 
extent, the velocity with which a cannon-ball would 
move; say that it should travel ten or twenty miles 
before it touched the ground ; a greater velocity would 
carry it one hundred miles before it fell : and we may 
go on in the same train to any extent we please, always 
bearing in mind, that the quicker the body moves, the 
greater distance will it travel before it falls to the 
ground. Now, if we assume such a velocity that the 
ball would travel twenty-five thousand miles before it 
fell to the earth, we shall arrive at a very curious 
result. The diameter of the Earth is almost eight 
thousand miles, which gives, for the circumference, 
about twenty-five thousand miles. The ball would, 
therefore, have gone completely round the Earth before 
it fell to the ground. If the velocity were still greater^ 
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it would- not reach the ground at the completion of iJiis 
:<aicuit, liut would go on to describe part of another 
vov^dntion^ round the Earth. When this condition is 
<^€Dce attakied^^the ball m%ht, by a due inereaaeof Ae 
projectile force, continue 'to reydTe lor ever «botit ihe 
^Eafth, and we^ould tiius have^a cast-iioi^ satellite 
snoviiig around us. 

vlaiet not lihvireader smile at the absurdity of suppofls^g 
'm cannon-ball to)tni/t«l twenty^five thousand' mUes ; • for 
Ht will'«lead ttts to impc^iant rssuks. If we* suppose 
eAat the- Sani wore ^statkuaiy^n the cmiverse, aiid'4kat 
ia)|)edj^Ofy<aiiu<9h4 smaller than the ^n were 'to be 
ipiiojoctsd withifiRnense ^ooity, in a direction at 'd^t 
aiiglfrj to A Ike ^ joining ^f^e^Snn^^nd the other body, 
fitfiai tiie kHer (^hkh wslild pioceed in a straight lioe 
)if 'the^3«ii<^eto'iiN>t ptee«nt)i'is'^diawn'hy'xhe Sunnito 
'^Meotted pitiiy^.th&^oswHVye or klulUoW'side of whidiL is 
'^always' towaJ^ ''the^fhin. If the Telocity with whMi 
iAisibody«w«fOptopeUsd wero^belowaioertam liaiit, it 
vwoold more^ in^ arspical ^idiieh' would j^mdotaliy. endat 
i^tiio^8tm' Mmstif^ to 'v^diibh, :.tberefore,> the body woiM 
'(bll: if the^ "Vteio^ty were beyond a certain iknit^iihe 
f b<Nly ' woold i. describo^a ipiralt mund the San, but - gia- 
''daally rocliiiiiig'^lKmi ^^it, and thus would conthme 
'«through^fiAiteMi)||OS'to^Yeesde^fiitther and foither' fipom 
•iihe^anr 'tatrif a ACMrtain^^valocity, Of «a^ eorrespoitdii^ 
'ratio wi1^'t4hei^MM6t&T6^prn»rv(0f<the«San,^^^^^ 
;pai!ted tohihis»bi()fc[yiA"Aet)irBt trntanee, it would more 
^ oonstantly^foimdi^ Ao-8iiD,« amysig iltt ^very 'revolution 
*\at the pokit^^frMi^ whoneeiit; stairt^. 

^We avo^newn^n arvoAdition^to' ^xj^oin^ in some degree 
^^feo^we ttfe to^'r^fHiatd' the*motions of the {Janets round 
A^o^^n. '^Wktrn'tibe^AJbiH^^ had< created tho^Tariotts 
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l)odies i¥liioh'0omp06e the uniTene, He. exercised His in- 
finite power and wisdom by imparting: to iliem voricms 
irdodties of motion. The Son being ^made wty. nmch 
hnger than all the planets pat together, : exerted :a mate 
powerfinl attraction on them than ihey 'ooidd. exert on 
him; eoBsequently, * the planets 'were dsawn: towards 
fteBon out-of theb original pathsy-and^made to reyolye 
lonad; the^larger body, ^ut how>shall'we ' sufficiently 
admire the- eaEqnieite »flkill with which.theiTanonS' tbIo- 
oities were adapted to the size of the various bodies ! 
What parallel 'can' we Joid in the poor and imperfect 
works of ^mfn^'iotQiat sarpaesiog power of adjnstment 
by which the velocities of the -planets are regnlated! 
The Elarth movesisome hmidreds of .thousands of miles 
in a single jday; and^yet, if her velocity were to deviate 
by a smalL&action,<.either3noKe oriss^, the earth would, 
in the first oaae, ^gnidually^'ieBede iram JitiB .Son, and 
never again approadi nearilmn ; imdan : AeiKooiid case, 
it would approach to, and 'Ml tipon, the ^Sun. It is 
when such results as these are obtained, that science 
enaUes ns'to appreciate r^ie. sinking 'truth, ^that man's 
efforts, even in his^proudest moments,* are' bnt^oor and 
humble attempts to follow after, or to imitate, that 
which the Ghreat Being performs vrith such boundless 
perfection. We applaud, and we give rewards to the 
man, who can make a chronometer which will be accu- 
rate within a few seconds in tiieyear ; and well may we 
do 80, for it is a signal instance of human industry and 
ingenuity to produce such an instrument. Yet a mere 
fraction of such an error in the movements of the bodies 
composing the solar system, would be fatal to its sta- 
bility. Truly wonderful, indeed, is it, that the eleven 
planets should revolve round the Sun in periods differ- 
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\ng greatly one from another, and at such various dis- 
tances from him ; and yet, that each one should have 
a velocity so exquisitely adjusted to its size and position 
as to hring it precisely round to the same point after 
every entire revolution round the Sun. The Sun, then, 
the golden magnet which thus draws all the other 
planets towards itself, is surrounded with whirling 
worlds, which borrow their light from him and share it 
with one another. Well might the poet of the Seasons 
exclaim — 

Thou, sun! 
Soul of surrounding worlds ! in whom best seen 
Shines out thy Maker I May I sing of thee ? 
'Tis by thy secret, strong, attractive force. 
As with a chain indissoluble bound, 
Thy system roUs entire : froxa the far bourne 
Of utmost* Saturn, wheeling wide his round 
Of thirty years, to Mercury, whose disk 
Can scarce be caught by philosophic eye. 
Lost in the near effulgence of thy blaze. 

* Thomson had written this before the year 1730; and the 
planet Uranus was not discovered until 1781. 
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CHAPTER III. 

FORK OF THE ORBITS OF THE PLANETS, AVD THEIR 
MOTIONS THEREIN. MOTIONS OF COMETS AND SATEL- 
LITES. GENERAL VIEW OF THE SOLAR SYSTEM. 

Our remarks hitherto have been so expressed as to lead 
to the conclusion that the planets move in perfect cir- 
cles round the Sun at all times, and under all circum- 
stances. Such, however, is not strictly the case. 
The paths which they describe are oval or elliptical. 
Most persons know the form which is meant by 
the term '' oval." If we hold an egg in the hand, 
and look at its outline, it will give a near approach to 
this form : and, indeed, the word avcU is derived from 
omim^ the Latin for an egg. Such, then, is the form of 
the paths in which the planets move. Now we may 
inquire whether the Sun is exactly in the middle of 
this oval, or near either end of it. To this it must be 
answered that the Sun is not precisely in the middle, 
but that he is a little nearer to one side than the other. 
It will be useful to give an idea of the position which 
the Sun occupies. Suppose a b (fig. 6) represent the 
orbit or path in which a planet (such as the Earth) 
moves round the Sun. (We have made this a larger 
oval in proportion than the Earth's orbit really is, in 
order that our meaning may be more conspicuous.) 
There are two points f and s (called/aci, plural of the 
Latin word fociis^ signifying a Jire-place)^ which have 
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peculiar propeiiies. If we stick a pin in each of the 
points F and s, and fasten tlie two ends of a bit of thread 
to them^ (taking care that the thread is just long enough 
to reach to any one part of the circumference, as at 
p,) we shall find that we shall he able to make the 
thread exactly touch every other part of the oval, by 
stretching it out; but that we cannot make it extend 
beyond the oval in any direction* 

Now it is in one of such points f s that the Sun is 
situated, in the Earth's orbit. The oval, if we could 
possibly see it at once with the eye, would scarcely 
appear to us to deviate from a circle : it being rather a 
round, not a long oval. We here speak only of the 
Earth's orbit, but the same remark applies to the orbits 
of all the planets, which orbits are all more or less oval. 
We use the term owil in preference to the term dlip- 
ticalf because it is more familiarly known ; the meaning 
of each is, however, the same. 

We may now be asked, whether the planets move 
equably in every part of their orbits, — that is. If a 
planet move at the rate of so many miles in an hour 
at one part of its orbit, wdll it move with the same 
velocity at another part? This question, on account of 
the oval form of the paths in which the planets move, 
must be answered in the negative. They do not move 
equably in different points of their orbits. Suppose 
tiiat in the following figure, the point s w«re like the 
axle of a wheel, and that twelve equidistiant spokes, or 
radii, reached from it toith^ boundary of the oval, then 
the Earth, in: passing by the end of: each spoke during 
herrrevolution, wvmld not> pass from one to another in 
exactly equal times, but would take a longer time to 
pafiB i&om spoke to ^oke<at. one part of her revolutiont 
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than at another. But now let us suppose^ that tiiet 
Ume which the Earth takes to revolve round the Sim? 
be divided into twelve equal parts, and that we draw, 
a spoke from the axle, or the point s, to the boundaries^ 
between all the twelve spaces respectively passed overr 
by the Earth in those equal times; then it will be found 
that the open space between any two adjoining spokes, 
measures exactly the same number of square miles at> 
every part of the orbit. The spokes towards the end a 

Fig. 8. 




will be closer together than those towards b,- but: they 
will at the same time be longer, so that' the excess of 
length precisely compensates for the deficiency in width. 
Here is another instance of the admirable adjustment' 
which is observable in the motions of the heavenly 
bodies. The orbits of the planets are all oval, and differ*' 
ing in the form of the oval ; yet the law which we have 
just stated is found to be constant. The more the orbit' 
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approaches to what we may term a long oval, the 
greater is the difference hetween the lengths of the 
spokes towards the two ends. Yet in every case, a 
disagreement in length is made up by a reverse dis- 
agreement in the openings between them, so that these 
areas or openings are all equal. We have been anxious 
to avoid every appearance of scientific difficulty in these 
details ; but we will just mention that those who may 
be able to consult larger works on Astronomy, will find 
this law thus expressed ; that '' a planet always de- 
scribes equal areas in equal times." 

Those fleeting and transient visiters, comets, are too 
seldom in sight to afford the means of making such 
correct observations of the nature of their orbits, as 
have been made with respect to the planets. We shall, 
by-and-bye, have to speak individually of several 
comets, which have appeared at various times, but we 
here merely refer to their motion generally. It is now 
believed, from the best observations which have been 
made, that the comets move in exceedingly long oval 
orbits, by which means they are at one time very near 
to the Sun, and at other times at an immense distance 
from him ; still, however, the same general resemblance 
to the orbits of planets is to be noted, and, in addition, 
that the elongation of the form of the cometary orbit 
is frequently excessive. 

We shall hereafter have to show, that the four larorest 
of the planets have moons, or satellites, revolving round 
them, of which our Moon, the Earth's satellite, is the 
one which attracts a larger share of our attention than 
any of the others. Now it is interesting to observe, 
that the Moon of itself describes an oval orbit round 
the Earth, in a similar manner as the Earth does round 
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the Sun. But here a sin^lar effect results : — ^if the 
Earth were stationary, the Moon's orhit would be found, 
as in the case of the planets, to be an oval with respect 
to the Earth ; as, however, the Earth revolves round 
the Sun, and, of course, carries the Moon with it, the 
real path . of the latter becomes a very singular and 
complicated curve, — it is a zig-zag circle round the Sun, 
with several indentations and as many protuberances. 

Thus then do we form some general idea of the man- 
ner in which the planets are situated, with respect to 
one another and to the Sun. It will be usefsl to reca- 
pitulate a few points before we proceed further. 

We have seen that there is a glorious luminary, the 
Sun, in the centre of a moving system ; that there are 
eleven planets revolving round him in the following 
order, beginning from the nearest, — Mercury, Venus, 
Earth, Mars, Vesta, Juno, Ceres, Pallas, Jupiter, Sa- 
turn, and Uranus; that these planets describe paths 
which are not quite circular but oval, and that the Sun 
is in one focus of the ellipse or oval. The motions of 
the planets we have likewise found are not uniform, 
but that their velocities vary according to their distances 
from the Sun. These general details will qualify us to 
enter upon the consideration of all the planets indivi- 
dually, their dimensions, distances from the Sun, velo- 
cities of motion, influence upon one another, apparent 
size as seen from the earth, and many other points of 
interest to the admirers of the works of God. When 
that inquiry shall have been completed, we shall enter 
upon the consideration of those very beautiful and im- 
portant results, which depend upon the rotation of the 
planets on their axes, — a species of motion to which we 
have not hitherto alluded. 
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W^e cannot better condude this portion of oursubjeet 
than by presenting the reader with the eloquent words 
of a pious and eminent divine, in connexion with the 
sublime subject which has thus far occupied us. 

^^The world in which we live, is a round ball of a 
determined magnitude, and occupies its own place in 
the firmament. But when we explore the unlimited 
tracts of that space which is everywhere around us^ 
we meet with other balls of equal or superior magnitude, 
and from which our Earth would either be invisible^ 
or appear -as small as any of those twinkling stars which 
are seen on the canopy of heaven. Why then suppose 
* that this little spot, little at least in the immensity 
which surrounds it, should be the exclusive abode of 
life and intelligence ? What reason to think that those 
mightier globes which roU in other parts of creation, 
and which we have discovered to be worlds in magni- 
tude, are not also: worlds in use and in dignity ? Why 
should we think that the great Architect of nature^ 
supreme in wisdom, as He is in power, would call these 
stately mansions into existence- and leave them unoc- 
cupied ? When we cast our- eye over the broad sea, 
and look at the country on the other side, we see 
nothing but the blue land stretching obscurely over the 
distant' horizon. We are too far away to perceive the 
richness of its scenery, or to hear the sound of its popu- 
lation. Why not extend this principle to the still more 
distant parts of the universe ? What though, from thi» 
remote point of observation, we can see nothing but the 
naked roundness of yon planetary orbs ? Are we there- 
fore to say, that they are so many vast and unpeopled 
solitudes; that desolation re^ns in every part of the 
universe but ours; that the whole energy of the Divine 
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attributes is expended on one insignificant comer of 
these mighty works ; and that to this Earth alone be- 
longs the bloom of vegetation, or the blessedness of 
life, or the dignity of rational and immortal existence? 
^^ But this is not all. We have something more than 
the mere magnitude of the planets to allege in favour 
of the idea that they are inhabited. We know that 
this Earth turns round upon itself; and we observe 
that all those celestial bodies which are accessible to- 
sooh an observation, have the same movement. We 
know that the Earth performs a yearly revolution round 
tiie Sun; and we can detect, in all the planets which 
compose our system, a revolution of the same kind,. 
and under the same circumstances. They have the 
same succession of day and night. They have the same 
agreeable vicissitude of the seasons. To them light 
and darkness succeed each other; and the gaiety of 
summer is followed by the dreariness of winter. To 
each of them the heavens present as varied and mag- 
nificent a spectacle; and this Earth, the encompassing 
of which would require the labour of years from One 
of its puny inhabitants, is but one of the lesser lights 
which sparkle in their firmanient. To them, as well as 
to us, has God divided the light from the darkness, and 
he has called the light day, and the darkness ho has 
called night. He has said, let there be lights in the 
firmanent of their heaven, to divide the day from the 
night ; and let them be for signs, and for seasons, and for 
days, and for years; and let them be for lights in the 
finnament of heaven^ to give light upon tiieir earth; 
and it was so. And Qod has also made to them great 
lights* To all of them he has given the Sun to rule* 
the day; and to many of them has he given moons to 
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rule the night. To them he has made the stars also. 
And God has set them in the firmament of heaven to 
give light upon their earth, and to rule over the day, 
and over the night, and to divide the light from the 
darkness ; and God has seen that it was good. 

'^ In all these greater arrangements of Divine vdsdom, 
we can see that God has done the same things for the 
accommodation of the planets that he has done for the 
earth which we inhabit. And shall we say, that the 
resemblance stops here because we are not in a situation 
to observe it ? Shall we say, that this scene of magni- 
ficence has been called into being merely for the amuse- 
ment of a few astronomers? Shall we measure the 
counsels of heaven by the narrow impotence of the 
human faculties? or conceive that silence and solitude 
reign throughout the mighty empire of nature; that 
the greater part of creation is an empty parade ; and 
that not a worshipper of the Divinity is to be found 
through the wide extent of yon vast and immeasurable 
regions ? 

^^ It lends a delightful confirmation to the argument, 
when, from the growing perfection of our instruments, 
w^e can discover a new point of resemblance between 
our Earth and the other bodies of the planetary system. 
It is now ascertained, not merely that all of them have 
their day and night, and that all of them have their 
vicissitudes of seasons, and that some of them have their 
moons to rule their night, and alleviate the darkness of 
it ; we can see of one that its surface rises into inequali- 
ties, that it swells into mountains and stretches into 
valleys ; of another, that it is surrounded by an atmo- 
sphere which may support the respiration of animals ; 
of a third, that clouds are formed and suspended over 
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it, which may minister to it all the bloom and luxuri- 
ance of vegetation ; and of a fourth, that a white colour 
spreads oyer its northern regions, as its winter advances, 
and that, on the approach of summer, this whiteness is 
dissipated, R^^^^g room to suppose, that the element oi. 
water abounds in it, that it rises by evaporation into its 
atmosphere, that it freezes upon the application of cold, 
that it is precipitated in the form of snow, that it covers 
the ground with a fleecy mantle, which melts away 
from the heat of a more vertical sun; and that other 
worlds bear a resemblance to our own, in. the same 
yearly round of beneficent and interesting changes. 

" Who shall assign a limit to the discoveries of future 
ages? Who can prescribe to science her boundaries, or 
restrain the active and insatiable curiosity of man within 
the circle of his present acquirements ? We may guess 
with plausibility what we cannot anticipate with con- 
fidence. The day may yet be coming, when our 
instruments of observation shall be inconceivably more 
powerful. They may ascertain still more decisive points 
of resemblance. They may resolve the same question 
by the evidence of sense, which is now so abundantly 
convincing by the evidence of analogy. They may lay 
open to us the unquestionable vestiges of art, and 
industry, and intelligence. We may see summer 
throwing its green mantle over these mighty tracts, and 
we may see them left naked and colourless after the 
flush of vegetation has disappeared. In the progress 
of years or of centuries, we may trace the hand of 
cultivation spreading a new aspect over some portion 
of a planetary surface. Perhaps some large city, the 
metropolis of a mighty empire, may expand into a 
visible spot by the powers of some f.iture telescope. 
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Perhspsihe gloss of some observeTy in a distant a 
aoay enable lunriovoonstnict tlie map of another woi 
•and to lay down tiie siit£euce of it in all its minute s 
liopieal varieties. .Butt there is no end of conjectu 
and to ike men of other times we leave the full 
tSOfanceof ^whatvwe'Gan nssertwith ;the highest pro 
Jttlit7,:tfaat yon;planetasy orbs are so many worlds, tl 
'tiiey teem with Hfe, and that the mighty Being -vi 
presides in high .authority over this scene of grand< 
'and astmisiMBenty'iias' there planted the >worshippera 
iRh glory J^-^OoALUBBBf AHinimomioal Discourses. 
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CHAPTER IV. 

NOMEKCLATURC AND DIMENSIONS OF THE PLANETS. 

THE SUN DIMENSIONS OF, REAL AND APPARENT. 

MODES OF MEASUREMENT BY ANGLES. DEGREES, 
MINUTES, AND SECONDS. LUMINOUS AND HEATING 
EFFECTS OF THE SUN.j 



Bat yonder comes the powerful King of Day, 

Bejoicing in the East. The lessening cloud» 

The kindling azure, and the mountain's brow 

lUumed with fluid gold, his near approach 

Betoken glad.^ Lo ! now, apparent all. 

Aslant the dew-bright earth and coloured air, [ 

He looks in boundless majesty abroad ; 

And sheds the shining day, that burnish'd plays 

On rocks, and hills, and towers, and wandering streams. 

High gleaming from afar. 




does Thomson, tlie philosophic poet of the Seasons^ 

of the approach and vivifpng influence of that 

d body, — ^the Sun, — whose daily return brings 

it so much that renders pleasure and benefit to. 



have already given a general view of the relation 
between the different heavenly bodies. The 
Lces which are presented to the eye of an 
observer, an enumeration of ther classes into which, for 
the sake of convenience, the heavenly bodies may be 
divided, and a short exposition of the mode in which 
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the theory of gravitation is brought to assist us in the 
comprehension of their motions, were the subjects 
"which then occupied us. We proceed now to consider 
each of the planets separately, by which means we 
shall be able to collect the principal facts and circum- 
stances connected with each planet, so far as that can 
be done without the aid of mathematics, whidbi does 
not form a prominent feature in our plan. 

Before proceeding to.the consideration of the heavenly 
bodies separately, it will be convenient to consideE the 
relation which exists between them all, as regards 
dimension. Fig, 7 represents the comparative sizes of 
the Moon and planets. By this we shall, of course, be 
understood to mean, thai, the twelve circles re|ureaeaited 
in p. 48, bear tha^ same propoitioii - one to. another, as 
the diameters of the plaaefe bear* to one: anoihfiCj;. re- 
spectively. The Sun is so very nraeh- larger 'thaavany 
of the planets, that we^ could not introduce^ into our 
figure a circle which would indicate his comparative 
diameter. This will be rendered evident by tha con- 
sideration that a circle showing correctly the compara- 
tive size of the Sun, must be one hundred and eleven 
times as large:<iR: diameter aS'the.circte re^uresentihg the 
Eaddi;. 

The diaoBster of tiie Eioth, as we shi^ hmscaSbet 
haive to i^ow^mmn fiiUy, isiabont 79l20 milest. If nam^ 
for the sake of fixing our ideas, we call that quantity 1^ 
tiken tha diameters of ih» other bodies wilL be sepre- 
ssnted by ihtt ^[illowing nnmbexB :«-*• 

0Suix . . . . . 111-454 
1/L Jupiter . • . . 10*860 

T2 Saturn 9*987 
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Igi XJiamis 
Eiurtk 
9 Venud » 
(^ Manr 
^ Matctayt 
([ ' Moon 
$ PallasF. 
Juhd 

g[' Vesta 



4'332 
1000' 

O'^ys 

0-617 
0-398 
0-273 
0-265> 
0'160 
0-13© 
0030 



The last four' most be considered as approximationgr 
to the true proportions; as the diameters of those smalls 
planets have not yet been defined, with so muchr pre-' 
cision as those of the other planets.- In astronomical 
works, these heavenly bodies are frequently expressed 
by symbols appropriated to them. Beforo. the name of 
each we have placed the: symbol, which distinguishes it- 
among astronomers. 

The names of the heavenly bodies, before mentioned, 
are derived' from the heathen gods, who also gave their 
names to sudr/of the metals as; were known to the 
ancients^' and likewise to the da3ner of the week. 

The plani^ Uranus^ Pallas, Juno, Ceres, and T^sta, 
were not known before- the last sixty years. They 
have all been generally named from the relationship of 
one deity to the other ; the modems having called the 
planet discovered by Hersehel Uranus, who, in thd' 
heathen mythology, was the father of Saturn, who wse > 
the parent of Jupiter, of whom Mars was the son; 
The Moon, called Luna, was said to be the daughter of 
Terra, the Earth. The characteristics of the planets: 
were also indicated by the known qualities of the' 
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deities whose names they respectively assumed. The 
Earth, being considered as the parent of all created 
nature, was designated from the goddess whom the 
ancients invoked to dispense all natural blessings. It 
formed the centre of their astronomical system, as 
we have already shown. The planet Mercury, sel- 
dom seen, and then but for a short time, resembled 
" the fleet messenger of the gods." Venus, the most 
beautiful of all the planets, was the type of the charming 
goddess of this name. Mars, with its red appearance, 
showed the wrathful countenance of the god of war. 
Jupiter, the largest of the planets, resembled the mighty 
"father of gods and men," while the dim-looking 
Saturn had its counter-part in the figure of the aged 
and morose progenitor of Jove. 

The metals, and the days of the week, which cor- 
respond respectively to the Sun, Moon, and five planets 
may be seen in the subjoined table. 

Sun Gold Sunday. 

Moon SUver Monday. 

Mars Iron Tuesday. 

Mercury Quicksilver Wednesday. 

Jupiter Tin Thursday. 

Venus Copper Friday. 

Saturn Lead Saturday. 

We need not seek to account for the connexion of 
gold with the Sun, nor of silver with the Moon, when 
the poets of all ages and nations have celebrated " the 
golden sun," and "the silvery light of the moon." 
From iron the god of war formed the weapons of 
destruction ; while the nimble Mercury, that slippery, 
light-fingered fellow, the patron of roguery throughout 
the ancient world, was well identified with quicksilver. 
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The metal tin seems to have been assigned to Jupiter, 
from the circumstance that the Corybantes, the priests 
of Cybele, who tended the infancy of Jupiter in Crete, 
used to drown his cries by the clashing of their tin 
cymbals. Copper is connected with the name of Yenus, 
who was the tutelar deity of the island of Cyprus. 
This place, where Venus was bom, formerly supplied 
the world with copper from its mines, and honoured 
Venus above all deities. Lead may have been set down 
as the type of Saturn, in consequence of the dull, lead- 
like appearance of that planet. 

The days of the week were respectively connected 
with each planet, as each planet was said, according to 
the old astrological rules, to be in the ascendant for the 
particular day. 

"We need bring no arguments to show that we are 
justified in selecting the sun as the first object of our 
attention : — ^both from the influence which his superior 
dimensions enable him to exert on the other planets,, 
and from the vast importance which, attaches to hiip, 
as the source of light and heat to the other bodies of 
the solar system. 

The Sun. 

This magnificent globe is 883,210 miles in diameter, 
about 2,774)692 miles in circumference, and distant 
from the Earth about ninety-five millions of miles. It 
will be convenient to consider this luminary under three 
points of view: — 1st. His apparent dimensions, as in- 
fluenced by distance : — 2nd. The phenomena presented 
by him as a source of light : — 3rd. The heating effect 
of his rays. 

1. The Sun has but a very small motion in the. 
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.heavens, which is due to the attraction of the diffinDeni 
planets: nearly all ihe variations which appear intUB 
dimensions arise from the motion of the pboMt m 
which the spectator is situated, and not from ;i!he 
motion of the Sun. But, although the motion. iof like 
8nn in an orbit is very small, never extending bejeoad 
the length of the solar diameter, yet he has *^*tf(hffr 
species of motion quite independent of any chaaga.'rf 
place; we mean a motion round his axis, which dt 
•completed in twenty-five days. The means by wUdh 
this motion is made manifest, are the disappeanDie 
4md re*appearance of certain dark or shaded spots, on 
his brilliant surface. These spots we shall have io 
4illude to further on; but we may no^ state, that oer* 
tain dark spots appear to travel, as it were, across the 
sun, — disappear at the western edge, — ^become lost for 
a time to the view,— re-appear at the opposite oi 
eastern edge, — and then attain their former position. 
This can only occur on the supposition, that the Sm 
devolves on an axis ; and the period of such revolution^ 
as determined by these spots, after making allowaace 
for the motion of the Earth, is, as we have stated, aboal 
twenty-five days. It is easy to produce familiar illus- 
tration of such a motion. Suppose that we have aa 
orange, with a dark spot on one part of its surface : if 
we turn the orange round on its axis, that is, in the 
way that a top spins, we shall find that the dark spot 
will gradually reach one edge of the visible part of the 
orange, — ^pass round on the remote side, — and re-appear 
on the opposite edge from that at which it previousljr 
disappeared. 

The apparent size of a body to a spectator depends on 
two circumstances: — ^First, the real size of the object; 
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and, secondly, tlie distance at which it is placed from 
the observer. Now, as we may reasonably suppose 
that the Sun's dimensions are constant, any variation 
in his apparent size must be due to distance. It may 
now be asked by one who has not previously thought 
of these subjects, how we can describe in words, the 
size of which the Sun appears to us ? If we say that 
he looks as large as an orange, no definite information 
is conveyed to the mind by such a statement ; because, 
if an orange be held at a few inches distance from the 
eye, it will appear much larger than the Sun; whereas, 
if it be held at some yards distance, it will appear 
smaller than the Sun. It is obvious, therefore, that we 
must devise some other mode than comparisons of this 
sort, if we wish to convey to others an idea of the size 
of an object. 

The mode which is adopted for this purpose, is to 
express the angle, which the diameter of a body siiih- 
tends^ or is opposite to. As we shall frequently have to 
speak of the word an^le^ it may be desirable to explain 
in this place what is meant by that term, and how 
angles are measured. Suppose that we have a stick, or 
any other object, which we wish to place upright, on 
one of its ends, on a table. We know that, unless it 
be quite upright, it will fall ; and by the word upright^ 
we mean that it inclines neither one way nor the other, 
Now it has been agreed that we shall call the position 
which the stick thus occupies with respect to the table, 
by the name of a right angle. Thus, (fig. 9,) if a c be 
the stick standing upright on the table c B, the opening 
or space included between the stick a c, and the table 
B c, is called a right angle. Suppose now that we lean 
the stick into the direction denoted by the dotted line 
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D c : then the opening or -space indaded between tke 
stick and the table will be smaller than bef<»e. When 
we incline the coYers of a book towarda each other^ in 
the act of dosing the book, we produce a similar effect 
to that which we have just noticed ; — ^that is, we make 
two lines^ or two surfaces (as the case may be,) close 
towards each other, as if <me were about to lie on tJie 
other. This effect, then, is expressed, by sa3ring tliitt 
the angle dc b is smaller than the angle a c b. (We 
always place the letter attached to the point of junction 
of the two lines, between the two letters indicating the 
other ends of those lines.) If the stick were still more 
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inclined, so as to occupy the position e c, then it would 
appear to approach still nearer to the table ; the space 
included between them would be smaller; and we 
should say that the angle e o b is smaller than either 
of the former angles. It is observable that, in this way 
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of considering ihe subject, tke length of the stick, and 
the length of the table, have nothing whatever to do 
with the size of the angle ; this is a constant role 
whenever the size of angles is spoken of. 

As we thus acquire the means of distinguishing a 
large angle from a small one, we must now inquire 
what are the means by which two angles admit of being 
compared with each other. The opening which we 
have called a right angle, is supposed to be divided into 
ninety equal parts, called degrees. If the stick were so 
much inclined, that the opening between it and the 
table were only one degree, the stick would be almost 
lying down on the table. If the angle were two 
degrees, the stick would be a little more raised, and so 
on, until it became quite upright, when it would form 
a right angle, or an angle of ninety degrees, with the 
table. For further convenience, a degree is subdivided 
into sixty minutes, and a minute into sixty seconds. 
These divisions are known by the S3rmbols ° ' ": — ^thus, 
25° 48' 50", implies twenty-five degrees, forty-eight 
minutes, and fifty seconds. 

We shaU now find that this mode of proceeding 
furnishes us with a very convenient method of de- 
scribing the apparent diameter of the Sun. If a line 
were drawn from the eye to the top of the Sun, and 
another line from the eye to the lower part of the Sun, 
those two lines would be very nearly parallel, or one 
would nearly lie upon the other. But still they would 
not do so exactly; and the small space between them 
would frimish us with an angle, to which we could 
give a value and a name. Now, it is found that two 
lines so situated, would form an angle of about half a 
d^ee : when, therefore, we speak of the diameter of a 
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planet subtending an angle of so many minutes, we 

' mean, that if one line were drawn from one edge, and 

' another from the opposite edge of the object, to the eye, 

those two lines would form with each other an angle of 

such dimensions. 

The Sun is nearer to the Earth at one part of the year 
than he is at another, as the Earth's orbit is oval, not 
circular ; and the Sun is in the focus of that ellipse, or 
oval. When, therefore, the Earth is at that portion of 
her orbit which is nearest to the Sun, which takes 
place in our winter, the Sun must obviously appear 
larger to a spectator on the Earth's surface, than in the 
summer, when the Earth is further from the Sun: 
accordingly, it is found that in the middle of Winter, 
the Sun s diameter is about thirty-two and a half 
minutes, and at midsummer about thirty-one and a 
half minutes of a degree. From the apparent diameters 
of the Sun and planets, their real diameters are easily 
calculated, when the distances of these bodies are once 
known. 

The apparent dimensions of the Sun, as seen from 
the other planets, may be thus conveniently expressed 
by means of the angle, as before described.- We shall, 
however, find it more satisfactory to present in a 
diagram, (fig. 10,) the comparative dimensions of the 
Sun, as seen from the different planets : — for instance, if 
a circle of half an inch in diameter be made, as in the 
figure below, to represent the Sun as seen from the 
Earth, then the diameter and apparent size of the Sun, 
as seen from each of the ten planets, will be as laid 
down in the diagram. 

2. Luminous effects of the Sun, What light is we 
know not ! Its cheering, grateful influence, we al feel 
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LUMINOUS EFFECTS OF THE SUN^ 6S 

and acknowledge; but. we do not kn«w<off wliat^noE 
how, it is made. From< the moment that the Cxeator 
made- the Sun^. ^^ to nilis the dajc," up to the presesft 
XBoment; this 8un has continued to f shed a. flood' of 
light upon, all around: and yet the • store is not. exr 
hausted; nor is it diminished, so far at; Jeaat :as we: can 
tell. 

The ancients belieyed thai the Sun: was a globe > of 
fire, which constantly darted its beams>up<m the Eauth; 
but modem science has ^cited circumstances, i/^^ich. 
seem to show that such is not the case. If the Sua be 
viewed through a powerful: telescope^ with, coloured 
glasses interposed to prerent the intoose light and 
heat of the Sun from hurting the eye, it will be found 
that there are num^N)U8 dark.spotsofTacious forms and 
dimensions. Some of them are perfectly black, while 
others have a shaded or partially-enlig)itened appear-r 

ance. These spots^. which were first made known to 
the world by Galileo, about two hundred and forty; 
years ago, are subject to much fluokiation : sometimes 
ftey appear to expand and enlaige in their dimensions ; 
at other times they seem to contract and become less 
perceptible. Sometimes they divide into a greater 
number, while at other times two or more appear to 
coalesce. Some of these spots have been supposed to 
be of the immense magnitude of forty-five thousand 
miles in diameter; and they have been observed to 
close up entirely in the space of six weeks; whick 
renders a velocity of a thousand miles per day necessaiy: 
for the approaching borders of any such spot. 

Those parts of the Sun's surface which are not occu- 
pied by these spots, are still far from uniform in their 
appearance; they have in many places a mottled 
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aspect, as if numerous pores, or small apertures, were 
present in the luminous surface. There are, agam, 
other places, which are occupied with luminous vapours • 
and lines brighter than the general surface, and which 
are called ^ocu^; while the dark spots mentioned before 
are termed mactUw*, 

From all these circumstances it has been conjectured 
that the substance or body of the Sun itself is really 
dark or non-luminous ; but that he is surrounded with 
a luminous atmosphere; and that any diminution or 
removal of such atmosphere at any given point will 
occasion the dark appearance, which we call a macula. 
By some it has been supposed that the black spots are 
the summits of lofty mountains, which penetrate 
beyond the luminous atmosphere, and therefore present 
a dark appearance to the eye. To this it has been ob- 
jected, that, if such were the case, the sides of the 
mountain would present a gradation of light, from tbe- 
black spot at the summit, to the general brilliancy of 
the sun's surface ; whereas, such is not found to be the 
case. The black spots are in many cases surrounded 
w^ith penumhrcR^ or partially luminous portions, termi- 
nated by distinct and well-defined edges ; thereby pre- 
senting no appearance of gradation of luminosity. 

All these circumstances are considered to lead, more 
or less directly, to the conclusion, that the Sun owes its 
brilliantly luminous appearance to an atmosphere which 
surrounds it ; and this supposition is further supported 
by a very remarkable fact, which the progress of op- 
tical science has revealed during the present century. 
There is often used in experiments in Optics, a three- 

- * Maculae is the Latin for dark spots; faculse, little torches. 
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cornered piece of glass^ called a prism, which is oblong, 
and which if viewed endwise has a triangular form. 
When the Sun's rays pass through a piece of glass, or 
other transparent body, of this form, the beam of light 
is spread out into an oblong form, and is variously 
coloured,— being red at one end and violet at the other; 
—the space between being occupied by orange, yellow, 
green, blue, and indigo. These are the appearances 
presented under general circumstances; but if this ob- 
long coloured space (which is called ike Bohx spectrum*) 
be carefully viewed with the aid of a telescope, it is 
found to be crossed by a large number of fine dark 
lines,-— as many, indeed, as six hundred in the whole. 

Now it is supposed that this is owing to the absorp- 
tion, on the part of the Sun's atmosphere, of some of 
the coloured rays of light, whereby a black line is given 
out at those parts of the spectrum which, had the rays 
in question not been absorbed^ would have uniformly 
contained coloured rays. 

Sir William Herschel, who .was for many years the 
Astronomer Royal, supposed that there was an elastic 
atmosphere surrounding the Sun^ composed of a cloudy, 
or partially visible, stratum of air; and that above this 
atmosphere was a luminous or light-giving atmosphere. 
When, from any cause, a portion of the latter atmo- 
sphere was removed, a dimly reflected light would be 
seen on the surface of the cloudy stratum, and thus the 
Cunt light, or penumbra, is perceived. At any rate, the 
central part of the Sun's disk t appears, notwithstanding 

, * A Latm term implying an appearance. 

i* By the term disk is meant the face of the Sun or Moon, 
98 seeming perfectly flat; the diameter of which is considered 
to be divided into twelve parts, called diffUs, 
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the spots and irregular appearances, to be the most luDUh 

nous. It must, however, be acknowledged that in thisi 

as well as in many other branches of science, we know 

but little of the real nature of the cause, whose efiects 

we study. Why it is that the Sun differs firom ahnosft 

all other bodies of which we are cognizant in nature^ 

in constantly giving out light, without, so £ar as wa 

know, receiving any light from any other souroe,. is to 

us a mystery; and cannot £eiil to excite our admiiatioiii 

-^-dependent as we are, for so much that is benefiaal to 

-us, on that 

prime cheerer, Light ! 

Of all material beings first, and best ! 
Efflux divine ! Nature's resplendent robe ! 
Without whose vesting beauty all were wrapt 
In unessential gloom; and thou, O Sun ! 
Soul of surroundmg worlds I in whom best seen 
Shines out thy Maker ! may I sing of thee t 

3. Heating effects of the Sun. That the Sun is the 
most prolific source of heat is manifested to us in the 
grand routine of natural operations. We may warm 
our apartments by kindling a fire :-«— we may dress ma 
food by the application of heat, either to the food itseli^ 
or to the water in which it is immersed ;-^and impor- 
tant and indispensable are such processes : — ^but, if we 
compare them with the phenomena of the seasons, how 
humble and trifling do they appear! A ^e will convey 
warmth to but a small space around it, and to but a 
small number, of persons; but how sublime and vivify- 
ing is the effect which that seeming '^ globe of liquid 
fije," the Sun, produces on the earth! The millions, 
who inhabit our globe, look to the heating power of the 
Sun, as the source by which their vegetable productions 
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most arrive at that maturity which will £t them for the 
purposes of food. What is it which rendess the lichens 
and mosses of the polar regions so different from the 
liizarious plants of the tropics ? It is not the nature 
of tke soil in which they grow; nor the amount of 
attention which they receiye from man : — ^but it is the 
extent of the Sun's warmth which mainly constitutes 
the difference referred to. The traveller in tropical 
dimes meets with luxuriant 'fruits in abundance ; while 
the navigator of the Arctic Seas is seldom cheered, 
when he touches land, with the ^sight of vegetation. 
Many of our readers have probably read Captain Frank- 
lin's accoimt of a journey across the northern part of 
America ; when the only food of the party for a con- 
siderable period was tripe de roche*^ whieh^ though 
disagreeable in taste, was the only vegetable pro- 
duction which met their view in the course of a toil- 
some journey. 

But we need not go to such extreme cases to instanfle 
the value of the Sun's warmth. What constitutes the 
difierenee between our own summer and winter ? What 
makes the orchard and flower-garden present so different 
aa aspect in spring and summer to what they afford in 
winter ? The Sun's heat is the cause : not that he is 
present at one season, and absent altogether at the other; 
but that he is with us longer, and under more favourable 
circumstanoes, in June than in December. This, how-^ 
ever, will occupy our attention hereafter :— we will 

* A lichen, which grows chiefly on Alpine rocks, and ex* 
posed situations. The Canadian hunters are said to be ofben 
forced to subsist upon this vegetablo, the leaves of which grow 
flat upon the rocks; hence it has been called by the natives 
Tock4ripe,^ 
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therefore proceed to make a few remarks on the supposed 
nature of the Sun s heat. 

The light which emanates from the Sun is accompanied 
by heat in its passage to the Earth and to the other 
bodies of the solar system; and it is extremely probable 
from recent inquiries, that light and heat are not the ; 
same bodies or agencies, or whatever we may call them. 
We just now spoke of the passage of light through a 
glass prism ; but we must now consider that same light 
as being accompanied by heat. It is found that there 
is more heat at that end of the spectrum which contains 
the red rays, than at the other end ; and it has even 
been proved that considerable heat exists beyond the 
limit of the coloured rays; that is, heating rays are. 
found where there are no luminous rays whatever: — 
this is one of the circumstances which have given rise 
to the opinion, that the heating or calorific rays of the 
Sun are distinct from the luminous rays. ,The investi- 
gation of this circumstance was first set on foot by Sir 
William Herschel, who, while viewing the Sun s spots 
through a telescope, protected his eyes by coloured 
glasses, and found that more heat reached his eye when 
some colours were employed than with others; and that 
some of the glasses were cracked by the influence of the 
heat which they absorbed more readily than those of 
other colours, — ^the difference depending on colour. 
Another reason why solar heat and light are thouorht 
to be distinct is, that light has been filtered, — so to 
speak, — and a brilliant focus of light presented, so 
devoid of heat, as to be incapable of affecting the most 
delicate thermometer. 

The intense character of the heat evolved by the Sun 
may be sufficiently shown by the employment of a com- 
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mon burning glass ; the action of which is nothing more 
than this: — all the rays, both of light and heat, which 
fall on the surface of a lens, are brought into one narrow 
bundle, by what is called the refracting power of the 
glass. If, for instance, the glass be one inch in dia- 
meter, and we find the focus, which is a little bright 
spot or image of the Sun formed at a certain distance 
behind the glass, to be one-tenth of an inch in diameter, 
then will the light and heat be concentrated one hun- 
dred times, that is, the effects of a certain quantity of 
light and heat are assembled into a space only one hun- 
dredth part of the former space: — from this statement, 
however, some slight deduction will have to be made, 
on account of some of the rays being reflected from, 
and others absorbed by, the glass. 

The substance of the Sun is considered to be of a 
weight and density corresponding to that of water; but, 
nevertheless, the extent of its bulk is such, that if the 
weight and density of the whole Earth be regarded as 
1, the Sun s weight and density may be set down as 
333,000. 

Such are the general characteristics of the solar globe. 
Many other effects, produced by its means, we shall 
treat of in the proper place. It may be sufficient now 
to observe, that the action of the Sun s light and heat 
is the direct source of most of the processes which go 
on upon the Earth, whether relating to the atmosphere 
or to the vegetable and animal kingdoms. 
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Mercury. 

We now proceed to the consideration of the bodies 
which revolve round the Sun, and shall treat of them 
in the order of their distances, the nearest first. 

We should remark, before proceeding further, that 
the word planet signifies a wanderer; an appellation 
given to those heavenly bodies, which seemed to move 
in circles in the heavens. Hence this distinction may 
refer both to the planets usually so called, and to their 
moons; the former of which are styled primary ^ the 
latter secondary^ planets. Again, the primary planets 
are distinguished into interior or inferior; and exterior 
or superior: — ^the first pair of terms pertaining to the 
two planets whose orbits are between the Sun and the 
orbit of the Earth; the second pair referring to the 
planets more distant from the Sun than the Earth. 

The planet nearest to the Sun, as far as we know for 
certain, is one, 

. whose disk 

Can scarce be caught by philosophic eye^ 
Lost in the near efixilgence of his blaze. 

This is Mercury, which is somewhat more than thirty- 
six millions of miles distant from the Sun, and is 
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about three thousand one hundred and twentj-ihree 
miles in diameter. He revolves on his axis in aboilt 
twenty-four hours five and a half minutes, being a little 
more than the time occupied by the Earth in revolving 
on her axis. He moves round the Sun in an elliptical 
orbit, (as we said do all the other planets,) and when 
we speak of the distance between him and the Sun, it 
must be understood that we refer to the mean distance. 
The time which he takes to travel round the Sun is 
almost eighty-eight days; a period which constitutes 
his year: for we must bear in mind, as will be hereaft^ 
more particularly shown, that our year is nothing more 
than the length of time which the Earth occupies in 
going once round the Sun. Hence, when we speak Of 
a year as connected with the motion of Mercury, We 
must remember that his year is diflferent from ours,-** 
the latter being rather more than four times as long as 
the former. 

As he revolves round his orbit of seventy-two millions 
of miles in diameter in about eighty-eight days, he had 
a velocity of motion of about one hundred thousand 
miles an hour; a rate of which we can form some con>- 
ception by considering that one hundred thousand miles 
is about four times the circumference of the earth. 

As Mercury is so much nearer the Sun than the 
Earth, it follows that the amount of light and heat 
received by this planet is much greater than that re- 
ceived by the Earth; and it has been estimated that it 
is about seven times greater. Another effect of the 
comparative proximity of Mercury is, that he never 
appears so far removed from the Sun as the other 
planets. At no time is he more than 30° distant 
from the Sun ; that is, if at any time we draw a line 
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from the Earth to the Sun, and another from the Earth 
to Mercury, those two lines will never form a larger 
angle than 30°. It is, in part, for this reason that 
we do not usually speak of Mercury as a morning or 
an evening star; he never rises much before the Sun, 
nor does he set much after the Sun: and, in the next 
place, owing to the proximity of the Sun, by means of 
which the rays of this planet are, as it were, drowned, 
we seldom see him at any time. Not but that, in very 
clear weather, this planet may be seen just before sun- 
rise in the morning, or just after sun-set in the evening, 
when it appears a good way off from the Sun. His 
appearance is brighter than that of Yenus, and has a 
light blue tint about it. He subtends an angle of from 
5" to 12" of a degree, according to his position in 
respect of the Earth. 

There is a circumstance which satisfactorily proves 
that Mercury does not shine by virtue of any light of 
his own, but merely by light reflected from the Sun. 
This circumstance, which also applies to some of the 
other planets, is the existence of phases*, similar to 
those which are periodically observed in our moon. 
When Mercury appears at his greatest distance or 
elongation from the Sun, his illuminated surface has 
nearly the form of a half circle, more or less, according 
to the position of the Earth. But when he is passing 
round on the opposite side of the Sun to that at which 
the Earth is situated, the illuminated portion becomes 
more than a semicircle, and assumes that form which 
is called gibbous; which phase may be represented by 
placing a semicircle and a semioval with their flat 

' * This is a word from the Greek, and signifies appearances. 
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edges in contact. When Mercury is at his greatest 
distance from the Earth, the Sun is then between them, 
and shuts out the view of Mercury altogether, so that 
the whole of the illuminated disk of Mercury can 
never be seen from the Earth; but when he emerges 
on the other side of the Sun, he becomes again visible, 
and his illuminated surface approaches more and more 
to the form of a semicircle, as he travels on to the posi- 
tion in which he forms a right angle with the Sun and 
the Earth. As he proceeds in his orbit, he approaches 
nearer to the Earth, and his semicircular phase becomes 
diminished to a crescent, which attains its smallest 
dimensions, when Mercury is either exactly over, or 
exactly under the Sun; in which position only a few 
of the Sun's rays, reflected from the surface of Mer- 
-ciiry, can reach the Earth, and even those few are ren-^ 
dered almost imperceptible by the superior flood of 
light, which proceeds directly from the Sun to the 
J2arth. These observations apply likewise to the planet 
Venus. 

It is by such evidence as this that we know that a 
planet does not appear luminous by any inherent light 
of its own, but that we see it, in consequence of its 
reflecting the solar light to the Earth. There is every 
reason to believe that the Earth reflects light from its 
-surface, just as we have described with respect to Mer- 
cury; and that if there be inhabitants in any of the 
other planets, they see the Earth under the various 
forms of crescent, semicircular, and gibbous. To this 
conclusion we arrive, both by analogy, and by certain 
appearances of the Moon during a solar eclipse, to 
which we shall hereafter refer more particularly. 

A line drawn from the Earth to the Sun is said to 
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be m the plane of the ecliptic. The ediptic may be 
imagined to be a large OTal flat surface, which panes 
through the Snn, and round the edge of which ike 
Earth mores in the i^ace of a year. Now if we sop- 
pose a similar, but smaller, oval surface passing throngli 
the Sun, and that Mercury passes round the edge of 
that oyal in his year of eighty-eight days, it may be 
asked whether these two oral surfaces coincide, m 
whether one slopes with rei^ect to the other? Wj^ 
hare to reply that they do not coindde; but tiiot 
although both of them pass through the Son^ iihey ue 
inclined the one to the other. It will perhaps be 
desirable here to state that each planet may be ooo- 
ceived to have an oval plane belonging to itself, iouimL 
the edge of which it passes in the course of its year; 
and further, that no two of these planes exactly coin^ 
cide, all of them being inclined one to another. New 
the mode of expressing the amount of the inclination^ 
or obliquity of two such planes, is by the angle indnded 
between them. Two such planes are said to cut eadi 
other in an imaginary line passing through the Sun, 
which line therefore may be considered as a kind of 
hinge, connecting the two planes; and the angle at 
whidi these planes are incUned to each other, is mea- 
sured with reference to that line. 

It will now be understood what is meant when we 
say that the plane of the orbit of Mercury is inclined 
at an angle of about seven degrees to the plane of the 
ecliptic^ the latter term being always reserved for the 
plane of the Earth's orbit. If the plane of the ozbit 
of Mercury coincided with the ecliptic, it would follow 
that Mercury, when at its shortest distance from the 
Earth, would be exactly between the centre of the Sun 
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and the centre of the Earth; and that we should there- 
fore see him as a bkck spot on the central part of the 
Son, which drcomstance was first observed by Gassendi 
in the year 1631. As, however, the planes of the two 
orbits do not coincide, and yet the planet Mercnry is 
occasionally seen as a black spot on the Snn's disk, tho 
detennination of the circnmctoice, whether or not Mer* 
cary will appear on the face of the Sun, depends on 
ihe position of ihe line, which joins the two planes. 
If Mercury happen to be at his nearest point to the 
3Barth, when he reaches that line, then we shall see 
him cross the centre of the Snn's diglc, in which case 
flie Hne connec&g the two planes "mil pass through 
the centres of the Earth, Mercury, and the Sun. But 
if that line be in any other direction, when Mercury 
gets between the Earth and the Sun, then he will be 
either a little above or a little below the centre of the 
Sun, or more probably, exterior to the disk of the Sun 
altogether* 

From these dicumstanceB it follows that Mercury 
may revolve many times round tibie Sun, without gettii^ 
exactly on the line joining the Earth and the Sun. 
When, however, such an occurrence does take place, it 
is called a transit* of the planet. At such a time 
Mercury appears as a small roimd black spot, because 
his ilhnninated surface is directed wholly away fironi 
ihe Earth. He crosses the Sun's disk from east to 
west, in consequence of his motion from west by south 
to east. Such a transit as this occurred about the 
middle of the day on May 5th, 1832. These transits 
^ihe planets show that they are opaque bodies, having 
ao light of their own. 

* From the Latin transUuSf a passing over. 
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We must now explain two terms which will be 
frequently used in our future details; Tiz., conjunction 
and opposition. If we suppose a planet to be exactly 
between the Earth and the Sun, that planet is said 
to be in inferior conjunction with the Sun: and if 
the Sun be exactly between this planet and tlie 
£arth, the planet is said to be in superior conjunction 
with the Sun; the words inferior and superior being 
considered with reference to the smaller or greater 
distance of the planet from the Earth. This, however, 
is not all. If the planet be either a little above, or a 
little below the line which joins the centres of the 
Earth and the Sun, it is still said to be in conjunction. 
We shall therefore include all the cases, if we say that 
a planet will be in inferior conjunction with the Sun, 
when such planet is the nearer of the two to the Earth; 
but when the Sun is the nearer of the two, the planet 
will be in superior conjunction. 

The term opposition is applied to two planets, or 
heavenly bodies, which are so situated that one parti- 
•cular plane, passing through both their centres, will also 
pass through the centre of the Earth, the Earth being 
between the other two bodies. This condition can 
never occur with respect to the planets Mercury and 
Venus, because, their orbits being smaller than that of 
the Earth, the Earth can never get between them and 
the Sun, as may be inferred by inspecting the opposite 
diagram. 

The conjunction of one planet with another,. or with 
the Sun, is in most cases a favourable opportunity for 
distinguishing that planet in the heavens, as we are 
thus furnished with a clue for detecting its position. 
The conjunctions and oppositions, as also the risings 
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and settings of the planets, with their precise situations 
in ihe heavens, at certain given times, are set down in 
a species of almanac, devoted to the furnishing of this 
information, ^y by day^ whence it is called an JEphe-^ 
merit. This planet, as to density of matter, is deemed 
to be nine times that of water, or double the density of 
the matter of the Earth. 

It is sometimes desirable to know when a planet is 
towards the south, for the convenience of recognising 
it; but such information is of less value in the case of 
Mercury than of any other planet, as the proximity of 
Mercury to the Sun renders it seldom visible. Its time 
of crossing the meridian, or attaining its southern or 
most elevated position, varies &om about a quarter past 
ten to three-quarters past one in the day. 

Venus. 

With purest ray 
Sweet Venus idiines ; and from her genial rise, 
When day-light sickens, till it spring afresh, 
Uniivalled reigns^ the fairest lamp of Night. 

We need not wonder that the poet thus hails the 
appearance of an object, which attracts so large a share 
of admiration as the planet Yenus, which glitters like a 
gem in the dark firmament, when the Sun is lighting 
other parts of the Earth, and which thereby helps to 
break the gloom which attends upon the sable night. 

Fairest of stars, last in the train of Night, 

If better thou belong not to the dawn. 

Sure pledge of day, that crown*st the smiling mom 

With thy bright circlet. 

Mil TON ^s Paradise Loitf b. r* 
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No other planet shines with so great clearness and 
brilliancy upon the Earth as Venus, — a circumstance 
due to her size, but more particularly to her nearness 
to the Earth. In dimensions Venus approaches much 
more nearly to those of the Earth than any other 
planet^ her diameter being about seven thousand eight 
hundred miles; so that if we divide the earth's diameter 
into sixty-six equal parts, the diameter of Venus wiU 
contain sixty-five of those parts. 

Venus revolves round the Sun in an orbit, which is 
inclined to the Earth's orbit, or ecliptic, the inclination, 
however, not being so great as in the case of the orbit 
of Mercury, this latter inclining, as we said, about 
seven degrees, while the former inclines less than three 
and a half degrees. Her mean, or medium distance, 
from the Sun is about sixty-nine millions of miles, 
nearly twice as great as that of Mercury. This mean 
distance gives for the circumference of her orbit about 
four hundred and thirty-three millions of miles, a dis- 
tance which she travels over in about two hundred and 
twenty-five days ; so that eight of her years are about 
equal to five of ours. The velocity with which she 
moves in her orbit is about seventy-five thousand miles 
an hour, about three-fourths of the velocity of Mer- 
cury. Besides the motion in her orbit, she has a rota- 
tion on her own axis, which occupies about twenty- 
three hours and twenty minutes. This rotation is 
determined by carefully watching the permanent spota 
on the body of the planet. 

The observations which we made about phases, when 
speaking of Mercury, apply with much more force 
when referred to Venus, for two reasons; — ^first, her 
illuminated surface is larger than that of Mercury^-^ 
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and seeondly, her distance from the Earth is subject to 
maeb greater variation than that of Mercury. At her 
neaiest point to the Earth, she is probably about 
twenty-six millions of miles distant; but her greatest 
JHatoifie £rom the Earth is one hundred and sixty-four 
mflifflw of miles. It is obvious, therefore, that the 
splMidoiir of her light, and her apparent size, must 
fsaBSex ooosiderable modifications, as well from her vary- 
ing diflianoe, as from the phases which she exhibits. 
Hub 18 well illustrated in the different figures or phases 
of this planet, as given in iatg, 12. The first phase, 
wUoih 18 the gtbhoMSf shows Yenus, just after having 
pMnd from superior conjimction, and when at almost 
ite gnstest distance from the Earth; it not being seen 
wkan in a line with, or too close to, the Sun. The 
SBOoad phase corresponds to our half'-mocm^ and is the 
of Yenus when forming a right angle with the 

and the Earth; it is then at its greatest elongation. 
Xke ihird phase, or creicenty is observed just before and 
aftes the planet's inferior conjunction, and when at 
aboat its nearest distance to the Earth. Hence it has 
been notioed, as shown in the figure opposite, that the 
ippazent size of Yenus is indicated as greatest by the 
form> and that her light is then most brilliant 

abundant; and that her apparent size is least 
lAfln in the giblxms state, and her light proportionably 
diBinifllied:— -all depending upon her distance from the 
When Yenus gets near to the Earth she ap- 
upwards of thirty times larger than when farthest 
off; and her light about this time is so intense as to 
pngect a real shadow upon a white ground, such as 
dbaa writing-paper. She may even be seen in the 
day-time, near, and soon after her greatest elongation. 
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The phases of Venus were first pointed out by Galileo; 
this being one of his earliest discoveries with the tele- 
scope. 

Venus, like Mercury, being an inferior planet, cannot, 
of course, be at any time in opposition to the Sun: 
indeed, she never recedes further from him than 47^ 
which is her greatest elongation, or the angle which 
would be formed by two lines drawn to the Earth, one 
from the Sun and the other from the planet. The 
orbit of Venus being exterior to that of Mercury, the 
greatest elongation of Venus, specified by the angle 
mentioned above, is necessarily greater than that of 
Mercury; to which circumstance it is owing that Venus 
is sometimes visible above the horizon for more than 
three hours before the Sun rises, and upon other 6oca- 
sions for as long a time after the Sun has set : — in the 
former case she is to the west of the Sun, and is called 
a morning star^ and in the latter she is to the east and 
is designated an evening star*. The elongation of a 
planet refers, then, to that position in which the planet 
is seen at its greatest distance from the Sun; at which 
time the planet appears, as we just said, in the shape 
of a half-moon: — ^these phases, however, cannot be 
perceived without the aid of a telescope. 

The surface of this planet is found to exhibit spots, 
similar to those of which we shall hereafter have to 
speak in the case of the Moon. By these spots not only 
the rotation of the planet on her axis has been deter- 

* This is the planet which, rising before the Snn, the old 

poets termed Phosphorus and Lucifer; both words meaning 

light-hearer. When setting after the Sun, in the evening, they 

termed it Hesperus or Vesper; which terms have relation to 

•the evening. 
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mined, but the inclination of that axis to the axis of her 
Dibit has been found to be as mnch as 75^- The indi- 
nation of the Earth's axis to the ecliptic, or path of the 
Earth ronnd the Sun, is about 60^"^; and this inclina- 
tion causes the diversity of seasons. How much greater 
then must be the diversity of seasons on the face of the 
planet Yenus, than on the Earth ! Some parts of her 
siu&ce may enjoy the four seasons twice in the year. 
The light and heat which she receives from the Sun, is 
jHt>bably about twice as great as that received by the 
Earth. 

We have now to speak of a train of observations, 
which were productive of important consequences, and 
in which the planet Venus rendered great service, — we 
mean the correct calculation of the Suns parallax; and 
from that, his distance from the Earth, by means of a 
tiangit of Yenus across his disk. We have stated thai 
Mercury occasionally crosses the Sun s disk, as viewed 
from the Earth; and it may reasonably be expected 
that Yenns, being, like Mercury, an inferior planet, 
would likewise cross the Sun's disk at certain times. 
Snch is the case, — as was first observed by Horrox, a 
student of Cambridge, in the year 1639; but the 
transits of Yenus occur with much less frequency than 
those of Mercury. The former happening alternately 
at intervals of eight and a hundred and thirteen years, 
nearly. The most celebrated of these transits occurred 
zespectiTely in the years 1761 and 1769; — celebrated, 
because many of the European governments sent out 
scientific expeditions, in order that this phenomenon 
might be observed at different parts of the Earth, with 
the greatest accuracy, and under the most favourable 
circumstances. At the time of the transit, Yenus must, 
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of course, be at its nearest position in respect <^ iJie 
Earth, and its apparent diameter will be of iiie largest 
extent, which is 61", or five times that of Mercaij. 
The mean apparent diameter of Yenus is aboot 17^. 

The final object, which was m<^e poxtieulaiigf laid 
in view in making these observations was, to 
with greater precision than had been 
the distance of the Earth from the Sun; in 
the true magnitude and extent of the whai» mimil^ 
tern might be from thence determined. The mmmt 
in which this was accomplished does not admit, of a 
full explanation, without entering into more intricate 
details than are suitable to this work. We Buit, 
however, briefly explain the natuie of parallax;-*-fls it 
was through the medium of this phenomenim that tho 
transit of Yenus was rendered available for the objeet 
in view; and as the question of parallax is one of the 
fundamental principles, called into use, in our endearonzs 
to appreciate the distances of the heavenly bodies. 

The first step to the accomplishment of the msin 
purpose was to ascertain the parallax of Yenms; as a 
medium point, wliereby the solar parallax might be 
more pzecisely obtained. 

The tenn paraUax signifies a change produced jy 
pammg hy^ Familiarly speaking, we have paraUax eon* 
gtantly taking place; when an object is seen in relatioB 
to any oth^ spot, owing to our changing our positicMk 
A parallax of the steeple in the following ent takes 
place, when the observer changes his station of viem 
When he is in tiie West, he sees the form of the stedjob 
thrown towards the East: coming up to the foregxowid 
he sees it to the North; and, advancing on to the Eas^ 
he sees the steeple Westward* 
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Now, astronomioally speaking, puallaz ia defined to 
be the uignlar distanse of any heavenly body between 
its true and apparmt place ; the fiumer bemg ita place 
at it would be seen from the centre of the Earth, and 
the latter ae it actaally appeara from any part of the 
Earth's Huiface. Aa a heavenly body can only bo 
vieved fivm the Earth's surface, ita pontion is referred 
to, in caknlations, by a necessary allowance, as seen 
fiom the centre of the Earth, which process is termed 
tke retkuHumJbr the centre. 

In the sQcceeding diagram Uiis prindple is illostrated ; 
SB also the foUowmg reeolts: that a hesvenly body, 
seen in the zenith, or point iu the heavens just over oni 
heads, can have no parallax, because it is seen in a 
staught line with the centre of the Earth ; that the 
horizontal parallax ia greatest of all; and that the 
parallactic angle diminishes in proportion aa the celefr- 
ti^ body reaches the zenith. 
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Let A B be tlie Earth, and c a part of the Earth's 
surface, from whence the heavenly bodies a b c d axe 
viewed in the direction of the dotted lines ; by which 
abed appear on the heavens at ei k l^ respectively. 
Now if the Earth were transparent, a spectator placed 
at its centre, would see the four heavenly bodies a be d 
at e/^ A, respectively; which would be the true places. 
Hence the true place of a heavenly body is somewhat 
higher than its apparent place, excepting as was said 
before at the zenith; where the true and apparent 
places of objects coincide. The angle formed by the 
two lines at 6, c, or d^ is the parallactic angle. 

Such then is the nature of parallax : and it will be 
seen that the horizontal parallax is nothing more than 
the angular dimensions of half the Earth's diameter, as 
seen from the planet. With such a planet as Yenus, 
which approaches comparatively near to the Earth, the 
effect of parallax is considerable ; but with respect to 
the Sun itself, such is not the case ; for the Sun, being 
at the average distance of ninety-five millions of miles 
from the Earthy the semi-diameter of the Earth must 
appear exceedingly small, when viewed from such a 
distance. This small quantity is, however, made more 
sensible by the transit of Venus over the face of the 
Sun ; for an observer, situated eastward on the Earth's 
surface, sees Venus begin to pass over the disk of the 
Sun somewhat earlier than another observer, situated 
more to the west ; and the chord described by the pla- 
net upon the solar disk will appear somewhat greater or 
smaller, according to the situation of the observers upon 
the Earth's surface. Hence the difference in the posi- 
tion of view gives a difference of time, taken up by 
Venus in her passage over the Sun, which furnishes, by 
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a process which we cannot detail here, an angular 
quantity, which, after the necessary corrections for the 
Earth's rotation, and the station of the observers, leads 
to the horizontal parallax of the Sun ; and this is about 
8*6 geoondsL 

In what way this parallax enables the astronomer to 
determine the distance of a planet, we may briefly 
explain by referring to one of the properties of the 
triangle. In the annexed figure, the angle at d repre- 
sents the horizontal parallax of the celestial body d. 
This angle is a known quantity, and so is likewise the 
line from c to the centre of the Earth, which is half the 
Earth's diameter, and is about three thousand nine 
hundred and sixty miles. Now, if in any right-angled 
triangle, such as this is, we know the length of the 
base, and also the value of the angle opposite to it, we 
can deduce the length of the sides ; by which means 
we obtain the distance of the planet d from the centre 
of the Earth. 

Some yean ago M. 8chroeter, an eminent astronomer 
of Lelienthal, made a continued series of observations 
on the planet Yenus, for a period of ten years ; and his 
labours led to many remarkable discoveries. He found 
himself able to determine that there were mountains on 
the surface of that planet, analogous to those on the 
sni&oe of the Earth; and that the actual height of 
some of them amounted to 22*05 miles. Three of them 
he found to be of the respective heights of 18*97» 
11*44^ and 10*84 miles. He also perceived evident 
indications that Yenus was surrounded by an atmo- 
^here, which is said to be fifty miles in length. 

This planet seems to be composed of matter, which is 
somewhat denser than the matter of the Earth. 
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THE EARTH. ITS FORM. CENTRIFUGAL FORCE. POLES. 
PERIHELION AND APHELION. THE TEAR — TROPICAL 
AND SIDEREAL. DIURNAL REVOLUTION. SIZE ANI> 
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NOMENA OF. THE MONTH AS DETERMINED BY THE 
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AND THE hunter's MOON. NODES. DISK. PHASES OF 
THE MOON. ECLIPSES OF THE SUN AND MOON. 



The Earth. 

What if the Sun 

Be centre to theVorld, and other stars 

By his attractive virtue and their own 

Incited, dance about him various rounds? 

Their wandering course now high, now low, then hid, 

Progressive, retrograde, or standing still, 

In six thou seest, and what if seventh to these 

The planet Earth, so steadfast though she seem. 

Insensibly three different motions* move ? 

MiLTON*s Par, Lost, b. viii. 

We have now arrived at the third planet in the order 
of distance, — ^the Earth, on which we dwell: that habi- 
tation which, though it may appear so vast — so mighty 
•—to our gaze, is but a speck in the great scheme of the 
universe. Could we but travel into space, and view 
the solar system as a connected whole, how small would. 

* The annual, diurnal, and libratory motions, explained 
hereafter. 
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our Earth appear, and how unworthy of the boastful 
importance which we are apt to attach to it ! If there 
be inhabitants on any of the exterior planets, they see 
the Earth merely as a small star, shining by the light 
which she receives from the Sun, and which she reflects 
from her own surface. 

That the Earth is round the proofs are many and 
easy: for, in addition to the gradual appearance, from 
the top downwards, of a ship coming into port, and the 
fact of the world having been sailed round, which 
amounts to practical conviction, — ^yet, as this sailing 
has always been in the direction of east and west, the 
Earth might be cylindrical, and this eastern and west- 
ern circumnavigation still have taken place; but, in 
sailing southward, we observe that the fixed stars 
in the northern heaven sink down towards the horizon, 
and the southern stars keep on rising in the sky; the 
reverse taking place as we return northward. This 
circumstance is beautifully alluded to in the Ltisiad of 
Camoens, a Portuguese poem, relating to the discovery 
of India. 

0*er the wild waves as southward thus we stray, 
Our port unknown, unknown the watery way; 
Each night we see, impressed with solemn awe. 
Our guiding stars and native skies withdraw: 
In the wide void we lose their cheering beams : 
Lower and lower still the Pole-star gleams, 
Till past the limit, where the car of day 
KoUed o'er our beads, and poured the downward ray, 
We now disprove the faith of ancient lore ; 
Bootes' shining oar appears no more: 
For here we saw Calisto's star retire 
Beneath the waves, unawed by Juno's ire. 

The latter part of this quotation implies, that when 
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the navigators had got some way below the tropic of 
Capricorn, they lost sight of the constellations Bootes 
and the Great Bear. 

The Earth, however, like all the other planets, is not 
quite of a globular shape; and, before we proceed 
further, it may be desirable to explain why it is that 
none of the planets are precisely globular, but are some- 
what flattened at two opposite sides, into a shape whidi 
is called an oblate spheroid, but which will be suffi- 
ciently comprehended, if we compare it to an orange. 

All the planets, besides revolving round the Sun, 
have, as we said, a revolution on their own axes; that 
is, they spin round like a top. What may have been 
the original cause of this motion has never been dis- 
covered. We can only conclude that it was given to 
those bodies by the great Creator, for his own wise 
purposes, and according to his own fixed and inscrutable 
decree. Hidden as the cause of this motion is from ufi, 
we can, however, trace its effects in many important 
circumstances; one of which is, the oblateness, or flat- 
tening of the revolving bodies. There is a kind of 
force called centrifugal^ occasioned whenever a spinning 
round is performed: this force tends to throw the body, 
or anything which rests upon that body, away from the 
centre as far as possible, and may be illustrated in a 
variety of ways. A pail of water may be suspended 
by a rope, and turned rapidly round in a vertical circle 
without wasting a drop of the water; although in every 
revolution, the pail, and the water which it contains, 
strive to recede from the hand, which is the centre of 
motion, as far as possiUe, during the revolution, by 
virtue of the centrifugal, or centre-Jlymg force, which 
is imparted to them in proportion to the rapidity of 



CENTRIFUGAL FORCE. 95 

motion. When the pail is npside down, the natural 
tendency of the water is to be poured out towards the 
ground ; but this tendency is counteracted by the cen- 
trifiigal force, which tends to drive the water away 
from the central force which retains it. It is on a similar 
principle that a slinger propels a stone to a great dis^ 
tance : the hand is the centre of motion ; and he turns 
the stone rapidly round in order to gain for it a centri- 
fbgal force, which shall carry it to a great distance, as 
soon as it is released. If we drive a wire through any 
nrnnd body, and make the surface of this body equally 
wet all oyer, and then spin it round by means of the 
wire, the moisture wiU be collected in greater quantity 
at those parts of the surfaces most removed from the 
wire ; while^ at the parts near the wire, the quantity 
win be diminished: the centrifugal force urges the fluid 
away from the central part to the part frtrthest removed 
from the wire; which part describes the largest circle 
in going round. 

Now, the same line of argument will apply to a revolv- 
ing planet : the surface of the Earth moves round its 
axis (an imaginary line, the extremities of which are 
called its poles)^ with a velocity of 1042| miles per 
hour, at the equator, a line supposed to be drawn all 
round the globe, at an equal distance from the two 
poles and at right angles with the Earth's axis. It is 
dear, therefore, that the velocity of the rotation of any 
part of the Earth's surface must diminish as we recede 
from the equator and approach the poles. But, as the 
equatorial parts especially acquire such a vast centri- 
fngal power, the effect of it is, that the Earth bulges 
out at those parts most removed from the axis of rota- 
tion. The extent, to which this bulging has been carried 
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in the case of the Earth, during the lapse of nearly 
sixty centuries^ will he seen from the following dimen- 
sions : — ^the smaller diameter of the Earth, measured ; 
along the polar axis, is 7899 English miles; and the 
greater diameter, which is the diameter of the equator, 
is 7926 miles, which', therefore, exceeds the other by ^ 
ahout twenty-seven miles : if we take the average of ; 
these two diameters, we may say that the Earth s dJA- 
meter is ahout 7912 miles; consequently^ the circum- : 
ference of the Earth amounts to 24,899 miles. 

Our planet, when in petHhelion^ that is, at its neareit \ 
point to the Sun, is about ninety-three millions of miles ) 
distant from the Sun, and about ninety-six millions of \ 
miles distant therefrom, when in aphelion^ that is, ths ; 
point furthest removed Jrom the Sun, These two 
terms will be understood by referring to the ellipse, or 
oval, which is represented at page 39: — ^the Sun is 
situated, not in the centre, but in one focus of the 
ellipse; and when the Earth is nearest to the Sun's 
focus^ she is said to be in perihelion; when furthest 
therefrom, in aphelion. Hence, its average distance 
from the centre of its aimual motion^ is about ninety- 
five millions of miles. 

The path, which the Earth describes round the Sun, 
is, therefore, an orbit of about six hundred millions of 
miles ; and this enormous distance she traverses at the 
rate of 68,000 miles an hour, or about nineteen miles 
in a second, in 365 days, 5 hours, 48 minutes, and 49 
seconds, being the period to which we give the name 
of f/ear. If the Earth did not revolve on her axis, we, 
who inhabit its surface, should see the Sun apparently 
making a revolution round the Earth in the course of a 
year: a revolution which, however, would be altogether 
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imaginary, owing to the iJEillacy of the evidence of our 
senses. The Earth moves in her orbit ; but we cannot 
see that it is moving, because we are on its surface, 
and are moving in a like direction, and with a like 
velocity. The motion of the Earth is of a smooth, 
equable, and unimpeded kind; by which sort of motion, 
if we experience anything like it by land or water, our 
senses may be lulled into a forgetfulness of our being 
carried along, while the stationary objects on either 
side, — ^the hedges, trees, banks, &c., — seem endued 
with motion, and glide rapidly past us. If this be the 
case vdth respect to the annual motion of the Earth 
round the Sun, how much more forcible is the applica- 
tion of this analogy to the diurnal motion of the Earth 
on her axis ! The Sun, the planets with their moons, 
the comets occasionally, and innumerable fixed stars, are 
placed in an apparent hollow sphere around us ; and as 
. we come opposite to different parts of the heavens in 
succession by our diurnal rotation, it appears to us as if 
the whole of this concave sphere kept on revolving 
round our Earth. 

The term of a year^ just spoken of, is the time taken 
up by the Sun in passing, apparently, from a particular 
point of the ecliptic to the same point again: say, the 
first point of Aries, being one of the two points, where 
tbe equator and ecliptic cut each other. This is called 
the «o^r, or tropical year, the time it takes the Sun to 
visit the. tropics and return to the equator: whereas, 
the time taken up by the Sun, in passing from a certain 
fixed star to the same star again, consists of 365 days, 
6 hours, 9 minutes, and 12 seconds, and is called the 
ddereal year; the year as determined by observation of 
a particular star. This latter is 20 minutes, 23 seconds, 
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longer than the former ; and is owing to a slow, but 
constant, alteration of the position of the equinoctial 
points. 

The actual time in which the diurnal revolution of 
the Earth is completed, is 23 hours, 56 minutes, and 4 
seconds; but, owing to the motion of the Earth in her 
orbit at the same time, it is twenty-four hours upon an 
average, throughout the year, before the Sun can pass 
from the meridian of a place to the same meridian 
again. This meridian implies a line drawn from north 
to south, going through any particular place, to which 
line the Sun becomes vertical every day at noon. 

The axis, on which the Earth is supposed to revolve, 
is inclined to the plane of the Earth's orbit, or ecliptic, 
at an angle of about 66^ degrees. Now, as the plane 
of the equator is perpendicular to the axis of the earth, 
it follows that the plane of the equator is inclined to 
the plane of the ecliptic at an angle of about 23^ de- 
grees. Very remarkable and important effects result 
from the rotation of the Earth on her axis, and from 
the obliquity of the equator with the ecliptic, which 
efiPects will occupy our attention more particularly in 
the next chapter. 

We have already seen that the Earth is not now a 
perfectly geometrical globe; and it would strike us 
that, if there were no other cause to interfere with its 
due form, the existence of mountains and valleys on its 
surface is sufficient to disturb the tiny conception we 
have at first regarding 

This pendent world, in bigness as a star 
Of smallest magnitude close by the moon. 

Milton's Par, Lost, b. ii 

But our conceptions of the extent of the Eaxth's 
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SDzfiwe, which are contracted when we compare the 
Euih with the nniyerse, become enlarged by referring 
it to onndyes. "^Hence, by instituting an arithmetical 
coBiipariaon between the Earth and a globe of eighteen 
mehes diameter, if we wished to form at its proper 
plaoe cm the latter, and in its proper proportion, the 
raty highest mountain in the world, which is the Chn- 
mulBzee, belonging to the Himalayah range, in Asia, 
and SS,000 feet in height, the elevation on the artificial 
globe would be about the one-eightieth of an inch« 

It 18 probable that the Earth serves, only in a more 
efficient manner, the same purpose to the Moon that the 
Moon serves to the Earth, undergoing all the changes 
which we see in the Moon, and appearing nearly thir- 
teen times larger, and consequently much more brilliant. 
Its appearance to the Moon is represented in the accom- 
panying figure. This representation is, of course, fan- 
cifol ; and to estimate it fairly we must indulge our- 
selfes in the supposition that the lunar inhabitants, if 
there be any, are, for the most part, in similar cir- 
cnmstances with ourselves. 

We have before stated that the diameter of the Sun 
is 111 times as great as that of the Earth. Now this 
proportion makes the solar globe to be, as a whole, 
1,384^472 times as large as the globe of the Earth; 
though the density of the latter is about four times as 
great as that of the former. The average density of 
the Earth is 4^ times that of water : so that it would 
seem that the Sun is composed of matter somewhat 
more dense or consistent thau water. 
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Thb Moon. 

Meaawhile the Moon 

Full orbed^ and breaking through the scattered doadis, 
Shows her broad visage in the crimsoned East. 
Turned to the Son direct^ h^ spotted disk, 
Where mountains rise, nmbrageoos dales descend, 
And caverns deep, as optic tube descries, 
A smaller Earth, gives us his blaze again. 
Void of its flame, and sheds a softer day. 
Now through the passing cloud she seems to stoop,— 
Now up the pure cerulean rides sublime.— Thomsov. 

When the poet wrote these beautiful lines^ we can 
imagine, from the context, that he was under the influ- 
ence of those feelings, which, are produced in men by 
the aspect of the quiet^ moon-lit scene of nature ; wlien 
the tumults, excited by day, and the passions roused 
by intercourse with fellow-mortals, are becalmed by 
the clear, cold, silence, which pervades the open country; 
such as makes melancholy have something of a pleasing 
turn, when we love to walk forth— 

To behold the wand'ring Moon, 
Biding near her highest noon. 
Like one that had been led astray 
Through the heaven's wide pathless way^ > 
And oft, as if her head she bowed. 
Stooping through a fleecy doud. 

Miltok's // Penseroso. 

We will consider chiefly the circumstances which 
relate to the Moon as a cele^ial body, independent of 
the Earth. 

The Moon is about 2060 miles in diameter ; that is, 
her diameter is rather more than a quarter of that of 
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the Earth, which is about fifty times the size of the 
Moon. Her mean distance from the Earth, as calcu- 
lated from her horizontal parallax, is almost 240,000 
miles ; and she moves in her course round the Earth at 
the rate of about 2290 miles per hour. 

The Moon shines by reflecting the Sun's light, as 
first supposed by Thales, the Grecian astronomer. 
Plato supposed that it was composed of fire ; and Aris- 
totle, that it shone by its own native light. The Moon s 
light has been found, as far as our means of observation 
extend, to be quite devoid of heat. This fact has been 
proved by concentrating 306 times the rays of the full 
Mood, when on the meridian, by a powerful burning- 
glass of three feet in diameter ; the focus of which rays 
has not affected tlie most delicate thermometer. It has 
been shown by experiment that the light of the Sun is 
300,000 times greater than that of the Moon. Now 
we will suppose that the heating power of the Sun, 
compared with that of the Moon, is in the same pro- 
portion. The direct rays of the Sun are capable of 
elevating the thermometer 237^. The Moon's beams 
would therefore raise the thermometer, according to 
this calculation, only i i\ ^ th of a degree ; and, if these 
Moon-beams were concentrated 306 times, the eleva- 
tion of the thermometer might be ^ of a degree. But, 
even this calculation is considered to be too favourable 
to the heating power of the Moon-beams, and cannot 
be borne out by experience. 

The Moon, then, not possessing any heating rays, 
that are cognizable by man, does not seem likely to 
possess or exert any influence over the herbs, flowers, 
and other productions of the Earth, as was imagined 
by: the old botanists. We read in the 33id chapter of 
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DeDtsroiioin7, Tone 14, ■wbxm Hosei, tlie Jewfah hw^ 
f^rer, speaks of the blearing of Joseph, that he refers 
to " the precioas frnita bronght forth by the San, anil 
the procionB things pnt forth hy the Hoon." We ongk 
to obeerre that, in the original Helmiw, the word mom 
ie t»ed in the plurd nimiber; and in the next pbrc, 
eommentaton have ofiered two senses of the latttr 
phiaM : — fitat, it may imply tbe prodactiona of Ok 
ground made to spring np by the dewa, which deRcend 
tt night, when the Moos iariaible; or, secondly, iri' 
nifty nnderetand the prodnctitnia of the Earth, whicli 
appear reapectiTely in their diflnient memiha, or «iomu; 
ihe fonner of these .two words being only a dcriw^ 
of the latter. , 

The inclination of the Moon's axis to the plus cf 
tbe ecliptio is only about 1^°; so that her nrannw lirn 
permanent and withont rariety. The density of -W 
Moon is considered to be somewhat greater than of #> 
Earth. ,!<'>. 

The Sun and the Moon have always attiactad^^ 
attention of mankind more than the other arii|tl|] 
bodies, owing to their greater apparent sise, and iliiliil 
inflaence upon our globe. The Moon, revolTiag n 
the Earth, is called the Earth's mtttUiU or a 
When the fall Moon is viewed through apowofUMit- 
soope, her illnminated surface appears intenpened. ^iflh 
dark spots and ridges, of every variety of ^pa, a^.K- 
preseuted in the accompanying fignre; wludi kuxlV 
representation of the Hoon was first sketched oiik.,)iy 
Hevelins, in the year 164fi. 

There are valleys, or hollows, which are aoppoMdio 
be three miles deep and are suiionnded by aia^ 
ciionlar marghu, » phenomenon to whidi tlw Ibltlb 
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cannot afford a paralleL The spots have been so care- 
fully noticed, that a catalogue of 89 of them has been 
prepared, in which a description of the form and appear- 
ance of each spot, and of its exact position on the 
Moon's sur&ce, is given. The spots have had fanciful 
names applied to them, — sometimes they have been 
named after distinguished individuals, while at other 
times they have been named after certain places on the 
Earth's surface, such as Byzantium, Caucasus, Sog- 
diana, &c. The heights of the mountains, which have 
been observed on the Moon's surface, are very variously 
stated by different authors, according to the modes in 
nrhich the observations were made : — one of these modes 
f?as to measure the lengths of the shadows, cast by the 
nountains, in consequence of the light of the Sun 
;oming in a particular direction, the shadows being then 
compared with the whole diameter of the Moon. The 
>right spots are held to be the tops of lofty mountains 
Uumined by sunshine; two or three of which Dr. 
lerschel observed to be of a volcanic nature, and to emit 
lames and smoke. The best authorities make the high- 
st of these mountains less than two miles in height* 
jenerally speaking, the dark parts are thought to be 
irater, and the bright parts land ; the former absorbing, 
ad the latter reflecting the solar rays: while, at the 
ame time, many astronomers think that there is not 
inch water in the Moon, owing to the usually serene 
ppearance of her disk, which seems free from clouds 
,nd undisturbed by fogs and vapours. If there be little 
•r no water in the Moon, this circumstance may ac- 
ount for the vast hollows just spoken of; which sort 
f appearance the Earth might present if the oceang 
ad lakes were suddenly drained off. But, in respect of 



108 THE MOON. 

ihe details of the surface of the lunar globe^ there 
exists much Tariety of opinion among astronomers. 

The Moon is presumed to have no atmosphere, or 
one which is of a very thin character, because there 
have not yet been observed any effects of refraction, 
whereby the forms of planets^ when being occtdkd, 
that is, passed over and hidden by the Moon, wodd 
appear distorted just before the act of occultation. 
This effect would result from the star or planet being 
seen through the Moon s atmosphere. But there does 
not seem an universal opinion among astronomers on 
this point; as several have recently given accounts, 
which, if correct, would lead us to conclude that there 
was a lunar atmosphere; while others say decidedly 
that there is not : it seems, however, to be agreed that 
the atmosphere must be of a very rare character. 

The Moon revolves in her orbit round the Earth at 
the same time that the Earth itself is revolving about 
the Sun : the consequence of which is, that the Moon 
traces a sort of curling line round the Sun ; because, by 
the time the Moon has made one revolution round the 
Earth, the Earth has performed nearly one-twelfth pfui. 
of her annual circuit round the Sun. The Moon goes 
round the Earth about 12^ times in the course of a 
year ; and the actual time taken up by the Moon in 
performing her circuit is about 27^ days ; but the time 
from new Bloon to new Moon again is about 29^ days. 
To each of these periods of time has been given the 
name of month; the former being called periodical^ 
comprising the period of the Moon's course round the 
Earth; the latter aynodicalj or the month, as agreed 
upon by men in the infancy of society, and determined 
by the coming together of the Sun and Moon. The- 



VIEW OF THE EARTH TO THE MOON. 109 

reason why the latter is longer than the former is, thai 
although the Moon might actually pass round the 
Earth in 27^ days, if the Earth were still; yet, a 
loDger time is consumed from one phase of the Moon to 
the same phase again, owing to the motion of the Earth 
in its orbit, in the same direction as the Moon's motion, 
from west to east ; so that the extra 2^ days are spent 
by the Moon in fetching up the overplus of the pro« 
gross made in the mean time by the Earth. 

The Moon revolves on an axis; and it is remarkable 
that^the time of this revolution is just equal to the 
time which she takes to revolve round the Earth ; a 
consequence of which is, that the Earth always has the 
same ride of the Moon presented to it. The inhabitants, 
if any, on this side of the Moon have the Earth always 
before them^ while those on the remote side of the 
Moon can never be blessed with the view of it. The 
disk, which the Earth must exhibit to the inhabit^ 
ants of the Moon, having a diameter nearly four times 
as large as the Moon's, is more than twelve times as 
laige as that which the Moon offers to the Earth. The 
Earth, must, of course, rise and set to the Moon, and go 
through the various phases of light, just as we see is 
done by our celestial attendant, owing to the motion of 
tiie Moon round the Earth ; otherwise, the Earth will 
appear fixed in the heavens, relatively to the stars, 
because the Earth is the centre of the Moon's motion. 
The Earth too would turn on its axis nearly thirty 
times, while the Moon is moving once round, — a rapi-r 
dity which must seem astonishing to the Lunarians. 
The phases exhibited to the Moon by the Earth, must 
be always the reverse of those exhibited at the same 
time by the Moon to the Earth, as will be evident from 
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inspecting the subsequent diagram. (Fig. 18.) We may 
imagine what must be the feeling of intense curiositj 
with which those on the further side of the Moon seek 
for information concerning the splendid orb, visible to 
the other lunar hemisphere. Suppose now that we, 
in England, were to hear of a splendid Moon, of vast 
dimensions, being visible to the inhabitants of the 
Sandwich Islands or New-Zealand, and that we our- 
selves were without a Moon, how eagerly would our 
navigators and travellers look out for the brilliant 
visiter, when they arrived at the lin^ on the Earth's 
surface at which this spectacle became visible ! At all 
seasons of the year we see the Sun and also the Moon; 
this arises from the circumstance, that although tbs 
Earth revolves on her axis, yet the time which she 
takes in that rotation is neither that which she takes to 
revolve round the Sun, nor that which the Moon takes 
to revolve round the Earth. This is a striking instance 
of the great effects which often result from what we 
should, at first sight, deem slight causes. We know 
not whether any living beings inhabit the surface of the 
Moon; but if such be the case, they must be divided 
into two portions, very unequally favoured, as regards 
the view of the Earth, one portion having it always in 
sight, while to the other portion the Earth is altogether 
invisible. 

From the foregoing statements it will be seen that 
one day and one night are completed to the inhabitants 
of the Moon during one of her revolutions round the 
Earth. Hence the lunar day and night must be each 
as long as 14f of our days. One side of the Moon 
must have the full glare of the Sun's light and heat, 
almost unmitigated : the lunar atmosphere, if there he 
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IVyr^ bong Tery lare, and therefore not holding clouds 
nnjiendjed in it| while the contrary side of the Moon is 
ittTelpped in almost profound darkness and intense cold; 
tbia must especially be the case at that side of the 
)(poii which the Earth never sees. From this will 
iq^nltyalsOy the hmar summer and winter, coincident with 
< Ae lunar day and night ; for such must be produced 
i^Murely by the Moon's rotation on its axis, the inolina* 
lion of this axis to the ecliptic being, as we said, so 
SIRaiH. 86 to produce no change of seasons, 
r MThongh, as was before said, we see only one side of 
jUke-Moon, yet there is occasionally seen somewhat more 
Ijbyaa nn exact hemisphere, which effect is termed libra- 
|l0f»,.B word implying a pomngy or oscUhxtum^ of the 
j)ody <^ the Moon, owing to certain disturbing causes. 
.^ When a little of the further side of the Moon on 
ifii&er side is seen, owing to the irregularity of the 
.Mocn in her orbit, by reason of the attractions of the 
film. And the Earth, this effect is termed the Moon s 
liberation in longitude; and when, owing to the Moon s 
lOid not being quite perpendicular to her orbit, a little 
^;ibe farther side of the Moon is seen at either of her 
l^aka, this effect is called the Moon s libraiion in lad'- 
tkids^ Owing to the causes which produce these effects, 
ihe Moon's motion is the most irregular and compli- 
cated of any of the celestial bodies. Moreover, we do 
nxAf exactly see the same face of the Moon when she is 
jliiihe horizon as when she is in the zenith, which dif- 
&Beaboe is termed diurnal libration. 
i\ iUhe phenomenon of the Harvest-Moon has natu- 
drally attracted the attention of mankind at all times ; 
.whcf, feeling the benefit of the Moon's light more espe- 
^naUy . in the autumnal months, have considered it a 
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token of the goodness of God, in giving them a greater 
share of natural light at a time, when it was so neces- 
sary to use diligence in getting in the fruits of har- 
vest. 

But, as it has pleased the Almighty to ordain phy- 
sical causes to act in His moral government of the 
world ; so also in this instance ; — ^not, however, leaving 
us to be less grateful to His superintending Providence. 
Now, in the month of September, when the Sun is in 
the constellation Virgo, and the Moon in Pisces, the 
latter rises full pvery evening together, soon after sun- 
' €et, with very little diflference of time. The like occurs 
in October, when the Sun is in Libra, and the Moon in 
Aries. The former is called the Harvest-Moon, and 
the latter the Hunter's Moon. 

The phenomenon of the Moon's rising with very 
little difference of time for several days together, occurs 
likewise in other months besides September and Octo- 
ber; as the Moon is in the constellations Pisces and 
Aries every month. But, as at one season the Moon is 
new, and at others the Moon is in her quarters, her 
rising is then scarcely regarded. The fact of the Moon 
thus rising every evening with but little diflference of 
time, is due to the smallness of the angle made in those 
months, by the ecliptic and horizon. This is easily 
ixnd beautifully exemplified with the celestial globe. 

The orbit of the Moon is inclined to that of the 
Earth, or the ecliptic, at an angle of about 5° ; and the 
points, where these orbits cut each other, are called 
S2ode8, from the Latin nodus^ a knot. This observation 
applies likewise to all the planets in their crossiD^ 
the ecliptic, or orbit of the Earth. The Moon and the 
diflerent planets are alove the orbit of the Earth, durinj 
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one-Half of them orbital revolutions, and helow the 
Earth's orbit during the other half. In figure 17, let 
A B c D represent the ecliptic, and ah c d the orbit of 
Mercury. The dotted line ^ / is called the line of the 
nodesy because it passes through those parts of the 
respective orbits which cut each other^ or are on a 
level with each other, which level is e c a /. The 
planet, in moving round from west to east, goes in the 
direction ah c d; a is, therefore, called the ascending 
node, c the descending node. 



Fig. 17. 
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The word disk, so frequently used in reference to the 
Sun and Moon, implies a flat circular appearance, such 
as is presented by the Sun, Moon, sAid other heavenly 
bodies when magnified ; it is derived from the Greek 
word for hurling, the disk being a flat circular piece of 
metal, used in this exercise ; we call it a qtu)it. 

We shall now notice in order those phenomena pre- 
sented by the Earth and Moon, which are dependent 

1 
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on their relative positions conjointly witli tlie Son: 
these may be considered as of three kinds ; 1st, the 
Phases of the Moon; 2nd, Eclipses of the Sun and 
Moon ; 3rd^ Tides. 

I* P&ABB& 09^ THB Mooif. 

We have already sjtated, in general terms, the reason 
why an opaque hody, such as a planet, must necessa- 
sarily exhibit phases similar to those of the Moon. 
We may here add, that this observation applies espe- 
cially to bodies whose orbit is within, or next to, that 
of the Earth. The planets Mercury, Venus, and Mars, 
have been found to exhibit phases. The more distant 
planets present always a full face, owing to the great 
43cope of their annual motions. The phases of the 
Moon, our nearest neighbour in the sky, are, however, 
so extremely interesting as a phenomenon, which beais 
reference to the Earth, that we deem it desirable to 
present in this place a figure illustrative of its causes 
and nature. 

Let us imagine that s represents the Sun (supposed 
to be at a great distance off), that o represents the 
Earth, and a b c d, &c., the Moon at different parts of 
her orbit round the Earth. We will assume, in the 
first instance, that the Moon is at a; in this position it 
will be perceived, that the enlightened half of the 
Moon is turned completely away from the Earth, while 
the dark half is presented towards the Earth. 

This results £rom the principle, that only one half of 
a globular body can be illuminated at one time, by a 
light proceeding from only one source; as, therefore, 
the illuminated half of the Moon is directly towards 
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the Sun, and the dark half towards the Earth, it follows 
that an inhabitant of the Earth cannot see the Moon 
at all; this fact is represented by the black circle a, and 
whenever such is the case, the moon is said to be new^ 
or in conjunction. 

In about three and a half days from this time the 
Moon will have moved round in her course to the posi- 
tion B, which is called the first octant, or the first 
eighth part of her orbit. In this position the enlight- 
ened side is, as before, towards the Sun, but the dark 
side ds not turned directly towards the Earth; the 
inhabitants of the Earth see the Moon at some distance 
on the eastern side of the Sun, and the consequence of 
this is, that they catch a glimpse of the Moon's illu- 
minated part. The illuminated part thus observed, 
presents the appearance of a crescent, and is represented 
by b. The points of this crescent are called the Moon's 
horns ^ or cusps; the latter word being derived from the 
Latin cuspis^ a point. If we take note of the day on 
which a new moon occurs, as stated in an almanac, and 
watch for the actual appearance of the Moon about 
three days afterwards, we shall find that it presents the 
form of a luminous crescent, convex on one side, and 
concave on the other, and, moreover, that the convex 
side is invariably turned towards the Sun. 

After passing that position the Moon travels on to 
the position c, when she is said to be in quadrature^—' 
that is, she has performed a quarter of her revolution 
lound the Earth. In this position it will be found, 
that one half of her illuminated surface is visible to an 
inhabitant of the Earth, or that she appears as a semi- 
circle, as at c; this occurs in about a week after her 
conjunction. 
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Proceeding in her orbit, she arriyes at the poeWion d» 
wliich is 80 far removed from the position a, tliat neaily 
the whole of the illmninated sar&ee is Tisible to Ae 
Earth, at o. In this position the Moon is at her second 
octant, and presents an appearance such as dl^ in "wbaiA 
about three-fourths of her illuminated snrfaoe is visSble. 
This is the gibbous phase. The word gxbboiut is de- 
rived from a Hebrew word, implying prommmm cr 

In another period of about three and a half dajrs, we 
find the Moon in the most favourable position for hAa^ 
Tiewed from the Earth. This position is at b, iAhA 
is on the further side from the Sun, which illnmniatefl^ 
as before, one half of the Moon's surfieu^, and that hatf 
is visible to the Earth at o. The Moon is now fiM^ or 
in opposition; and its appearance, as viewed from tiie 
Earth, is a luminous circle, as e. 

After this- period the Moon begins to wane, or to 
diminish in the apparent extent of its illuminated sur- 
face. When she reaches the position f, she presents to 
tiie Earth the same amount of illuminated sur&ce as st 
D; but the flattened, or imperfect edge, is turned some- 
what round, so as to maintain its constant character of 
being away from the Sun. Its appearance to the eye 
is represented by/. This is the third octant. 

Shortly afterwards it attains that position which is 
termed the last quarter, and which is represented at o. 
Here the general resemblance is to the pojsition c, when 
the Moon was in the first quarter; and it is repre- 
sented, as seen by the eye, at g. The last octant is at 
the point h, when the Moon has performed seven- 
eighths of her orbit round the Earth, and her appear- 
ance is that of a faint crescent of light as at ^, which 
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is equal in extent and brilliancy to the crescent 5, which 
she presented about three weeks previously. 

From this point ^e proceeds again to the point A» 
when she becomes again invisible to the Earth, on 
aooonnt of her illuminated surface being turned wholly 
away from the Earth : she may again be represented 
by the black circle a, and again obtains the name of 
New Moon^ and is in conjunction. 

Thus it appears that the different phases, or appear- 
ances 6f the Moon, admit of being satisfactorily ex- 
plained on the twofold principle, that she is an opaque 
body^ reflecting the Sun's light, and that she revolves 
xonnd the Earth from New Moon to New Moon. It 
is necessary here to observe^ that although we are in 
the habit of considering the full Moon as a perfect 
oiicle, or dbk of light, it is not so in reality. When 
we see the full Moon^ she is either raised a little above, 
or depressed a little below, the straight line joining the 
Sun and Earth, and, therefore^ there is a small portion 
of her illuminated surface lost to, or turned away from, 
the Earth; this portion is at the upper part, when the 
Moon is above the line of which we have spoken, and 
at the lower part when she is below that line. When^ 
however, the Moon is exactly in the direction of this 
line, or, in other words, when the Sun^ the Moon^ and 
the Earth are all in one straight line, some very 
remarkable effects are produced, which, under the 
name of JSclipses^ have attracted a large share of atten- 
tion in all ages. The principle is similar to that which 
we alluded to^ in the case of the transits of the inferior 
planets; but when the Sun, Moon, and Earth are all 
concerned, the effects are more imposing upon the mass 
of mankind. In proportion to the ignorance of the 
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cause of any operation of nature, is the amount of 
speculation and alarm respecting the effects. Amona 
the nations of antiquity the occurrence of an eclipse 
was sufficient to suspend the rage of battle, the heat 
of intestine discord, and most of the common opera* 
tions of life. The superstition of the ancients referring 
the apparent changes in their deities, Sol and Luna, to 
their own conduct, they 't)etook themselves to prayer 
and sacrifice to appease the offended gods; and when 
the eclipse had passed away, they believed the celestial 
powers to be propitiated. 

By the introduction of Christianity many of the 
absurd notions of this sort held by the ancients were 
dispelled, or greatly modified; but yet, until Astro- 
nomy was well understood, the fear of something 
supernatural constantly haunted the great bulk, of man- 
kind, believing, as the savage races of mankind do now, 
that when the motions of the^e three celestial bodies 
bring them into a line, the Sun 

from behind the Moon 

In dim eclipse disastrous twilight sheds 

On half the nations, and with fear of change 

Perplexes monarchs. 

Milton's Paradise Lost, b. L 

The phenomena of the heavens have often been 
resorted to by designing men, to impose upon the cre- 
dulity or fears of the unintellectual part of mankind. 
We read that Columbus, when in the island of Jamaica, 
in the year 1503, was reduced by dread of famine to 
resort to an imposition of this sort to procure provi- 
sions. Columbus and his crew, having been wrecked, 
had consumed their small stock of provisions, and 
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having to depend upon the natives, with whom many 
untoward circumstances had prevented them from being 
upon good termsy it struck Columbus, who had a great 
knowledge of astronomy, that an approaching eclipse 
of the Moon might serve his purpose of awing the 
natives. He, accordingly, summoned their chiefs to a 
council on the evening of the eclipse, and told them 
that the Deity of the skies, whom they served, was 
angry with the Indians for withholding provisions 
from the Spaniards; that the Indians would be pu- 
nished in a signal manner ; in token whereof the full 
Moon, then riding in majesty across the celestial dome, 
would be deprived of her light, and held in black 
durance. Some treated this announcement with con- 
tempt, while others were alarmed, but all were natu- 
rally anxious. When they at length saw the black 
shadow of the Earth seizing the Moon within itself 
they were all horror-struck, and, hastening to the crew 
with provisions of all sorts, they begged the intercession 
of Columbus with the celestial Deity, that the Moon 
might be restored, promising to serve Columbus faith- 
fully ever after. Columbus, after retiring for some 
time to consult the Deity, as he said, promised them 
that the curse would be taken off from them; and that, 
as a sign, the Moon would emerge from her confine- 
ment ; which, when the Indians saw again traversing 
the heavens, they adored the astronomer, believing him 
U) have supernatural gifts, and to hold an intercourse 
with heaven, whereby he was informed of what would 
bake place in the skies. The Spaniards suffered no 
more upon this occasion through famine. 

It appears that some of the earliest efforts of astro- 
aomers were directed to the prediction of eclipses : how 
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far the power of predicting the occurrence of an eclipse 
was really possessed by the early Chinese, Hindoos, 
and Chaldasans, seems to be a matter of much dispute 
among the learned; sufficient evidence remains, how- 
ever, to show that extraordinary attention was bestowed 
upon these phenomena. To attempt to explain the 
manner in which the astronomer is enabled to predict i 
the return of an eclipse, would be altogether foreign to 
our present purpose ; but we shall endeavour to show 
in what way the obscuration of light, which obtainB 
for the phenomena the name of an eclipse^ takes 
place. 

II. Eclipses. 

The first point to which we must direct our attentiop 
is this : — Why does not an eclipse take place at ewry 
new and full Moon ? The answer to this is, because 
the Moon's orbit is inclined to the Earth's orbit ; that 
is, the Moon in moving round the Earth, does not keep 
in the same plane as that in which the Earth moves 
round the Sun. The two planes are inclined to eadi 
other at an angle of about 5^°, so that in one part of ha 
orbit, the Moon is above the plane of the Earth's orbit, 
and in another part she is below that plane. Now, it 
is obvious, that only at the times she is in either of 
her nodes is she in the plane of the Earth's orbit. 

Hence, it is only when the Moon is at or near one of 
her nodes, at the time of new or full Moon, that an 
eclipse can happen ; so that, if she be far removed from 
her nodes at new or full Moon, she is altogether above 
or below the line which joins the Earth and the Sun; 
but if she be exactly at the node, there will be a o&m- 
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tral eclipse^ and if she be witiiin certain limits on either 
side of one of her nodes, thoe will be a partial 
edipee. 

Solar Eclipses. 

This being premised, we are in a condition to under- 
stand the phenomenon of an eclipse of the Sun, to 
which we shall now more particularly give our atten- 
tion. Let s (figs. 19 and 20,) represent die Sun, £ the 
Earth in its orbit, and m the Mocm in conjunction. A 
drcle surroimds the Earth, which may be considered to 
represent the Moon s orbit. If the Moon were not 
present, exactly one-half of the Earth's surCeuse would 
be illuminated by the Sun ; but an obstruction to the 
Sun's light is offered by the Moon interposing. We 
have, therefore, the Moon m between the Earth and 
the Sun, and at or near one of her nodes ; so that she 
is not only in the same vertical plane as the Earth and 
•the Sun, but in the same right line with them. If they 
be not precisely in the same right line, as shown in our 
fignres, there may, at any rate, be a partial eclipse of 
the Sun, if the Moon be within 17^ 21' of her node at 
llie time of conjimction, or new Moon. 

Now, when we hold a ball before a candle, not only 
is there one-half of the surface of the ball in darkness, 
but there is a long shadow behind the ball, occasioned 
by the interruption which the ball presents to the free 
progress of the light in that direction. If we hold a 
second object in this shadow, we cannot see it by the 
direct light of the candle; the view which we may 
obtain of it being by light reflected from other parts 
of the room; and if we were in a large open space 
where no objects were present to afford this secondary 



124 THE MOON. 

xeflection, we should find the object immersed in the 
shadow to be aknost entirely invisible. Reasoning 
thus in the case of the Moon and the Earthy we find a 
strict analogy: a flood of light is shed by the Sun on 
the Moon at m, by which its front surface is wholly 
illuminated, and its hinder surface kept in the shade: 
there is also a shadow cast behind the opaque body of 
the Moon, the extent of which shadow depends con- 
jointly on the sizes of the Sun and Moon, and the dis- 
tance between them. This shadow is of two kinds, the 
umbra* and the penumhro.; the former being the darker 
of the two: the reason of this difference is, that the 
umbra covers a portion of space wholly deprived of the 
^un's light, while the penumbra covers that portion of 
the Earth's surface which has a view of part of the 
Sun's disk. Were the Sun but a luminous point, this 
distinction would not occur ; but, as he has a very con- 
siderable diameter, and the Moon is very small com- 
pared even with the Earth, it follows that there will 
be no eclipse to places out of the penumbra ; that places 
in the penumbra will have the Sun partially eclipsed; 
and that places in the umbra will see a total, or an 
annular, eclipse of the Sun; the latter depending upon 
the distance of the Moon from the Earth. The first 
of the two subsequent figures represents a iotal^ the 
second an annular eclipse. 

The Moon m being exactly between the Earth and 
the Sun, throws her dark conical shadow m a towards 
the Earth, which shadow, in the first case, reaches the 
Earth, and in the second falls short of it. 

* Umbra is the Latin for a shadow; penuml/i-a implies a 
partial shadow. 
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If^ now, wd suppose an inhabitant, of tho Earth to 

be situated at the point a, (fig. 19^ he w^uld witness 

a total eclipse of the Sun : he will be situated in the 

shadow of the Moon, and the body of the. Moon will 

eompletely hide the Sun from his sight: this wiU be 

evident, when it -is seen that he will be in, the. shade Wj 

between the lines da^ea. If another inhabitajili of the 

Earth were situated at any point between h and o^ or a 

and c, he would see a partisd solar eclipse ; that is, thot 

Uack disk of the Moon would af^ar to cut off a 

portion of the lumiaous siHrface of the Sun. The. parts 

of the Earth beyond h and c, on either side, are out c^ 

the effects of the eclipse.: the people beyond & andc 

see the whole disk of the Sun, as is plaiA by obserriag 

the direction of: the lines ^ e and c (L 

If the Moon were at a. constant distance from thoi 
Earth, and the Earth at a constant distance from the, 
Sun, a central eclipse of. the Sun would always present 
the same features to an inhabitant of the Earth ; but 
such is not the case : the Earth is about three miUiona^ 
of miles nearer to the Sua in December than in June, 
<m, account of her being at that end of her eUiptical 
orbit which is nearest to the Sun ; consequently the 
Sun appears larger, or subtends a larger angle, at the 
former period than at the latter. Again, the Moon's 
erbit round the Earth is likewise elliptical ; and although 
we are accustomed to say that the Moon is about 
240,000 miles distant from the Earth, yet, when we 
wish to determine the distance at different times, it is 
found that the Moon's greatest distance from the Euth 
is about 251,000 miles, and her least about 227,000. 
Now, if the Moon were in perigee (that part of her 
orbit nearest to the Earth), and the Earth were in 
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aphdion (that part of her orbit furthest from the Sun), 
at the time of a central solar eclipse, the eclipse wonld 
be total, because the apparent diameter of the Moon, 
as seen from the Earth, would be greater than that of 
the Sun. But if the reverse were the case; if the 
Moon were at her greatest, and the Sun at his least, 
distance from the Earth, at the time of a central eclipse, 
then the eclipse would be annular*; that is, a ring of 
the Sun's light would seem to surround the dark body 
of the Moon, in consequence of the Sun having at that 
time a larger apparent diameter than the Moon. These 
differences would not occur, were it not that the appa- 
rent dimensions of the Sun and Moon, as seen from the 
Earth, are so nearly equal. 

Hence it will be seen, by inspecting figure 20, 
that, in an annular eclipse, no part of the Earth can be 
enveloped in the Moon s umbra, owing to its not reach- 
ing the Earth; and the solar ring can be seen only by 
that part of the Earth where the umbra would have 
fallen, if the Moon had been nearer the Earth; that is, 
under the point a, where a straight line would reach 
which had passed through the centres of the Sun and 
Moon. The part of the Earth out of this spot, but 
between h and c, sees only a partial eclipse, and those 
beyond h and c see none at all. 

In order to obtain some means for estimating the 
magnitude of an eclipse, the diameter of the Sun or 
Moon is supposed to be divided into twelve equal parts, 
called digits; so that^ when it is said that such a number 
of digits was eclipsed, the meaning is at once known : 
the Moon was not in a node at the time of the eclipse, 

;• * So tenned from annulus, the Latin for a ring. 
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tLe eclipse was therefore partial, not central^ and the- 
number of digits indicates to wliat extent of surface 
the eclipse advanced. 

Calculations have been made as to the longest time 
that a solar eclipse can be either total, or annular^ 
under the most favourable circumstances; and it has 
been found that 12 minutes 24 seconds is the longest 
time of an annular eclipse, and 7 minutes 58 seconds 
the longest time of a total eclipse. 

The periods which the Earth and Moon take to per* 
form their respective revolutions, and the degree of 
obliquity between their orbits^ have enabled astrono- 
mers to calculate how many eclipses may occur in a 
year. There must be two eclipses of the Sun in every 
year, and the number may be as high as five, but it 
cannot be greater. No solar eclipse is visible in every 
part of the portion of the Earth which is turned to- 
wards the Sun, because the shadow of the Moon is too 
narrow to take in the whole diameter of the Earth at^ 
once, as may be seen in the preceding figures. A 
solar eclipse cannot be total at the same moment to a 
portion of the Earth more than 180 miles in diameter ; 
but it may be partial at the same moment to a portion 
of the Earth 4900 miles in diameter. We may further 
observe that a solar eclipse does not happen at the same 
point of time at all places where it is perceived : it 
appears earlier to those persons situated towards the 
west, than to those situated towards the east, because 
the motion of the Moon and of her shadow is from 
west to east. Moreover, the extent of solar obscuratioxt 
is different at different latitudes on the Earth's surface 
according as we may suppose a spectator to be more or 
leas distant from the line whidi connects the three- 
bodies in question. 'K.^ 
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Lunar Eclipses. 

As the solar eclipse was owing to the opaque body 
of the Moon hiding the light of the Sun from the Eartli, 
and took place when the Moon was new, or in con- 
junction; so the lunar eclipse is due to the opaque 
body of the Earth hindering the solar rays from reaching 
the Moon, and takes place when the Moon is full, or in 
opposition. 

In the following figure, s represents the Sun, e the 
Earth, m the Moon in opposition. The Sun, shining 
upon the Earth, causes a shadow to be thrown behind, 
which has the form of a cone ; that is, it tapers to a 
point like a sugar-loaf. The reason why the shadow 
thus tapers to a point is, that the Sun is so much larger 
than the Earth. The distance of this point, or the 
total length of the Earth's shadow, is about 840,000 
miles, when the Earth is nearest to the Sun ; and about 
870,000 miles, when she is at her furthest distance 
therefrom : it follows, therefore, that if any body come 
behind the Earth, in a right line with the Sun and the 
Earth, and not at a greater distance from the Earth 
than has just been named, that body will be immersed 
in the Earth's shadow. 

This is the case with the Moon: we have seen that 
she is, on an average, about 240,000 miles distant from 
the Earth; and that she revolves round the Earth in a 
plane nearly coincident with the plane of the Earth's 
orbit. In our figure the shadow of the Earth is re- 
presented as having a conical tendency; if now the 
Moon m were beyond the apex of this cone, she would 
altogether escape from the Earth's shadow, but, as part 
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of her (obit (wlucli is represented by the circle,) is 
1)etweeB the base and the apex of the shadow, the 
Moon is necessarily immersed in the shadow, and we 
thus have the phenomenon known as an eclipse of the 
Moon. If the Moon happen to be at one of her nodes 
at the time of full Moon, then we have a central and 
total eclipse ; but if she be at any part of her orbit not 
exceeding 11° 21' from the node, the eclipse will be 
partial. In the latter case, the three bodies cannot be in 
a perfectly straight line ; so that the Moon dips more or 
less of its body into the shadow of the Earth, but not 
the whole of its body. 

Some time before the commencement of an eclipse of 
the Moon, she is seen to be partially obscured, as if a 
mist covered the illuminated surface : this arises from 
the circumstance that she has to go through the Earth's 
penumbra, or partial shadow, before her immersion in 
the umbra, or real shadow. In our figure, rays of 
light from the two extreme edges of the Sun aa\ pass 
by the edges of the Earth b h\ (having previously 
crossed at c,) and go on in the direction b d and b^ e: 
but still the upper part of the penumbra dbf^ receives 
light from the upper part of the Sun, although the 
Earth prevents it from receiving light from the lower 
part ; and, again, the lower part gV eoi the penumbra 
receives light from the lower part of the Sun, although 
the upper rays are also excluded by the Earth. From 
this circumstance, therefore, the real shadow is sur- 
rounded by a partial shadow, which imparts to the 
Moon the dusky appearance just mentioned, which 
duskiness becomes more decided as the Moon approaches 
the real shadow, and receives still fewer rays from the 
Snn. If there be inhabitants in the Moon, they, of 
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course, see a solar eclipse ; and, while they are in tlie 
Earth's penumbra, the Sun appears to them partially 
eclipsed, which solar eclipse increases until the Moon 
enters into the Earth's umbra ; when the Sun appears 
to the Moon, and the Moon appears to the Earth, 
totally eclipsed. 

By comparing the foregoing circumstances, we find 
that a solar eclipse can be visible to only a portion of 
the enlightened hemisphere of the Earth : while a lu- 
nar eclipse may be seen by half the globe of the Earth. 
Moreover a lunar eclipse always begins on the eastern 
edge of the Moon, because her motion is from west to 
east; so that her eastern edge first enters into the 
shadow of the Earth : but, in the case of a solar eclipse, 
the dark body, of the Moon appears first on the western 
limb of the Sun, on account of the motion of the Moon 
from west to east, as mentioned in the former case. 

During a total, or large partial eclipse of the Sun, 
the dark side of the Moon is not wholly invisible. We 
can, therefore, descry its general outline, owing to the 
Sun's light being reflected strongly from the surface of 
the Earth to the Moon ; and this reflected light is again 
reflected from the Moon, and constitutes the faint light 
on her surface seen during a solar eclipse, and also in a 
very interesting manner, when the Moon is only two 
or three days old. The disk of the Earth appearing to 
the Moon nearly thirteen times as large as the Moon 
appears to us, the light which the Earth gives the 
Moon must be very great. Now, when the Moon is 
two or three days old, the Earth appears as a large 
gibbous figure of light to the Moon; and so we see not 
only the sun-lit part of the Moon, but also the rest of 
its disk, seeming of a dirty white plaister colour. As 
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the light of the Sun increases upon the disk of the 
Moon, the Earth's light to the Moon wanes, and we 
no longer notice this appearance. 

In a total eclipse of the Moon this body is still seen, 
even when enveloped in the shadow of the Earth, by- 
reason that the rays of light from the Sun are bent 
round the margin of the Earth by the refracting power 
of its atmosphere, and are thus carried on through 
space till they arrive at the Moon; from the surface of 
which they are again reflected. It is further evident 
that an eclipse of the Sun cannot be identical as to 
time and appearance, to any two spectators situated at 
different points on the Earth's surface ; because the Sun 
loses no light, but is only hidden, as it were, by a 
screen, scarcely, or just big enough to hide it : but an 
eclipse of the Moon is identical as to time and appear- 
ance, because it loses its light, and that too, at a certain 
precise point of time : — ^that is to say, we may see the 
Snn at the time of a solar eclipse, and be ignorant that 
he is eclipsed ; bnt a lunar eclipse is seen by all who 
see the Moon. 

Hence, though the solar eclipses are more numerous 
than the lunar, the latter are more likely to be observed, 
being visible to a whole hemisphere. The usual num- 
ber of eclipses is about four, two of the Sun and two 
of the Moon ; but there cannot be more than seven, 
nor fewer than two : when there are only two, they 
will be of the Sun, as is the case this year. 

A lunar eclipse cannot last longer than 5i hours, 
from first entering into the Earth's penumbra to quitting 
it : she cannot be eclipsed partially and totally more 
than 3 J- hours : and she cannot be totally eclipsed more 
than 1 j- hours. 
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CHAPTER VII. 

THE SEASONS. THE CIBCLZS OF THE OLOBE. PABAL- 
LELISM OF THE EA&TU's AXIS. ALTITUDES OF THI 
SUN IN SUMMER AND WINTER. CONSTELLATIONS. THZ 
ZODIAC. EQUINOXES, — PRECESSION OF. MOTION OF 
THE SUN IN THE SIGNS OF THE ZODIAC. DAT AID 
NIGHT. SOLSTICES. THE HORIZON. REFRACTION. 



The Seasons. 

Wished Spring returns ; and from the hazy south, 
While dim Aurora slowly moves before. 
The welcome Sun, just verging up at first. 
By small degrees ext^ids the swelling curve ! 
Till seen at last for gay rejoicing months. 
Still round and round, his spiral course he windff, 
And as he nearly dips his flaming orb, 
Wheels up again, and re-ascends the sky. 

TuKKE are but few phenomena presented to the notice 
of man more beautiful, and, at the same time, more 
instructive to him, than the regular succession of 
seasons, and the varied benefits which they confer. 
The cold and bleak temperature of our winter is 
rendered less rigorous by the artificial processes by 
which we obtain warmth within our dwellings; but 
still the genial and refreshing air of spring is looked 
forward to by all as a delightful change from the 
dreariness of winter. The pleasing associations con- 
nected with spring, when both animal and vegetable 
life seem to acquire new vigour, and a new lease, as it 
were, of existence, would not alone suffice for the 
wants, cither natural or artificial, of man. The sum- 
mer s Sun is required to ripen and bring to perfection 
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the fruits of the Earth, whether to be used directly by 
liimself as articles of food, or to nourish those animals 
which subsequently furnish him with diet. The sum- 
mer's Sun is also necessary to melt the ice, which makes 
the polar regions one sterile and dreary waste, unfit 
alike for almost every species of animal or vegetable. 
Were it not that the genial warmth of the summer's Sun 
dissolves large portions of ice, the frozen regions would 
gradually extend their boundary towards the equator ; 
and those countries now called temperate^ and which 
present fit localities for the habitations of man, would 
become ice-bound, and consequently uninhabitable. 

But do our wants cease here ? should we be content 
with constant summer ? No ; the grass would become 
withered, the flocks would lose the food with which 
they were for a while nourished, the brooks and rivu- 
lets would be dried up, pestilential diseases would 
ensue from the putrefaction of animal and vegetable 
bodies, and man himself, enervated and debilitated by 
excess of heat, would droop as if the vivid spark of life 
were sinking out. These results are prevented by the 
wise ordinations of Providence, by which summer is 
succeeded by autumn ; a season which at the same time 
softens the descent from summer to winter, and brings 
to perfection those fruits which are to serve for the 
good of man, and other animals, during the remaining 
portions of the year. 

Thus, then, does each season bring with it its joys 
and advantages ; and thus are we taught to admire the 
exquisite mechanism and adjustment of the heavenly 
bodies, by which these joys and advantages are im- 
parted to us. But how are these seasons brought 
abodt ? and why is it that the Sun sheds such a vary- 
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ing amount of cheering influence on the Earth at differ- 
ent seasons ? The answer to this question is admirably 
calculated to show what wonderful effects spring from 
apparently small causes. The reason for the succession 
of the various seasons is to be found in the simple cir- 
cumstance, that the Earth does not reyolye on her axis in 
the same plane in which she revolves round the Sun ; 
if those two planes coincided, we should have no 
variety of seasons ; the same intensity of heat or of cold 
would be experienced at the same place, at every season 
of the year. This important circumstance we now pro- 
ceed to explain and illustrate. 

Before we enter upon that inquiry, however, it will 
be necessary to describe certain circles, which are sup- 
posed to be drawn on the surface of the Earth, and in 
doing so we must refer to the figure of the globe, page 
175. 

The Earth is, as before stated, nearly a perfect globe, 
of which the equatorial diameter is a little greater than 
the polar ; and it has likewise been observed, that this 
globe, besides its revolution round the Sun in the course 
of a year, revolves on its own axis from west to east, 
once in every twenty-four hours. The two ends of 
this axis are the north and sowth poles, p and Q. The 
circle which surrounds the Earth, exactly midway 
between the two poles, is called the equator, e r. 
Another line crossing the equator in an oblique direc- 
tion, but not given in the figure, is called the ecliptic, 
from the circumstance that whenever an eclipse occurs, 
either solar or lunar, the Sun, the Moon, and the 
Earth are all quite, or very nearly, in this plane. The 
ecliptic is a circle which, like the equator, goes round 
the Earth, and represents the apparent p th of the Sun 
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in the course of a year ; that is, if a body were held 
exactly in a right line between the centre of the Sun 
and the centre of the Earth, the shadow of that body 
would travel along the ecliptic. These two circles, the 
equator and the ecliptic, are called greater circles, 
because their planes pass through the centre of tho 
Earth, and divide the Earth into equal parts ; whereas, 
all other circles are denominated less circles, because 
their planes divide the Earth into two unequal parts. 
There are also two circles which surround the Earth, 
parallel to the equator, and at a distance from it equal 
to about 23 j°. These are called tropics^ from a Greek 
word which implies turning ^ as the Sun, when it has 
arrived at those parts, begins then to turn away again 
northward or southward, as the case may be; the 
circle which is nearer to the north pole being the tropic 
of Cancer, and that which is nearer to the south pole 
being the tropic of Capricorn. The position of these 
two circles is determined by the greatest distance which 
the ecliptic recedes from the equator ; and they receive 
their name from the circumstance of the Sun bein^i: at 
the time in the constellation which gives the name to 
the tropic. There are also two small circles which 
surround the poles, at a distance from the poles exactly 
equal to the distance of the tropics from the equator. 
The arctic circle is that which surrounds the north pole, 
at a distance of 23^° ; the antarctic circle is that which 
surrounds the south pole. The term antarctic signifies 
opposite to the arctic^ which latter term is derived from 
the Greek for a hear: the little bear is a constellation 
over the north pole of the Earth. 

Now, in the subjoined diagram, we observe an oval 
line, which the Earth describes annually about the Sun 
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at o, or wliich the Sun appears to describe round tlie 
Earth, llie Earth moves round this orbit in a year, 
and we have the position of the Earth in that orbit at 
four different periods of the year, about three months 
asunder. It will be seen that the axis of the Earth n s 
is inclined towards one side, and that it remains paralld 
throughout the whole of the Earth's revolution; that 
is, that there is exactly the same obliquity, or aloping^ 
direction, at all seasons of the year ; this causes the 
equator to form with the ecliptic an angle of about 23^^ 



Fig. 22. 




Let us now suppose the time of the year to be the 
21st of March, and let us trace the progress of the 
Earth in her annual orbit. She is then at the upper 
part of the figure in the position which affords the 
northern spring, and the Sun is at exactly the same 
distance from both poles ; that is, if the centres of the 
Sun and the Earth were connected by a right line, 
this line would pass through the equator e q, and 
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would therefore be equidistant from the two poIes» 
Now it is not difficult to see that in this case the Sun 
imparts just as much heat to one pole as to the other, 
affecting either hemisphere alike. At about the 23rd of 
June the Earth is at the left, and gives the northern 
snmmer. Here the Earth is actuaUy further from the 
Sun than it was three months before : but the excess of 
heat at this latter period is due to a circumstance 
altogether separate from the actual distance of the Sun» 
The obliquity of the axis of the Earth is the important 
circumstance to which we have to keep our attention. 
We perceive that in the northern summer, the north 
pole is nearer to the Sun than the south pole : hence a 
greater amount of heat is received &om the Sun by the 
Borthem part of the Earth than by the southern at this 
period. This is the sole origin of the remits of the sea- 
sons, fummer and winter: the large amoimt of heat 
veoerved by the northern hemisphere, in comparison 
with that received by the southern, produces the season* 
of summer to the former, and winter to the latter. If 
at this season we mark the boundary line between the 
enlightened and the dark hemispheres of the Earth, it 
will be seen that this line will just graze the polar 
circles : it will likewise be seen, that if we draw a line 
through the centres of the Sun and Earth, that line 
will pass through the tropic of Cancer. 

We next find the Earth in the lower position which she 
attains about the 21st of September, when the northern 
antmnn is felt. We observe that the Earth's position 
is such as it was in the spring, when the two poles were 
exactly equidistant from the Sun. Here then we have 
the season of autumn, in which the direct light and 
heat of the Sun are equal to what they are in spring. 
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This is not what we are in the habit of supposing, 
because the sensation of warmth is decidedly greater in 
autumn than in spring ; but the apparent contradiction 
is thus accounted for : although the direct heat of the 
Sun is the same in autumn as in spring, on account of 
the distance of the Earth from the Sun being equal at 
those two periods, and the Sun s rays being received at 
the same degree of obliquity at any given spot, — ^yet 
the autumn heat is increased by the accumulated heat 
of the summer. The surface of the Earth receives in 
summer so large a portion of heat, that a considerable 
time elapses before it can be radiated upwards into the 
air^ and thus is formed a magazine of heat, by which 
the autumnal warmth of the Sun's direct rays is 
aucrmented : and hence we are furnished with the fruc- 
tifjdng temperature so propitious for the time of harvest 
From the 21st of September, the Earth progresses to- 
wards the north- wintry position, on the right, which she 
attains about the 24th of December. Here we find a 
marked change in the relative position of the north and 
south poles : the north pole is turned away from the Sun, 
while the south pole inclines towards him. Hence, the 
north pole and all the adjacent parts, including, in fact, 
the whole northern hemisphere, receive a much smaller 
share of the Sun's heat than is enjoyed by the southern 
hemisphere ; and thence come the northern winter and 
the southern summer. The inhabitants of the northern 
hemisphere strive to compensate for the deficiency of 
the Sun's heat by additional clothing and additional 
contrivances for procuring artificial warmth in their 
dwellings, while the inhabitants of the south luxuriate 
in the overarching light and heat of the Sun. Our 
emigrant countrymen in New South "Wales and Van 
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Dieman's Land experience the joys of summer at the 
time when we are striving to exclude from our hearths 
the chillino: blasts of winter. If a vessel be six months 
performing the voyage from England to Australia, and 
leave England in the middle of summer, it reaches 
Australia also in the middle of summer; that is, it 
would have a northern summer at the commencement of 
the voyage in June, and a southern summer at the 
termination of the voyage in December : the vessel 
follows the declination of the Sun in the seasons ; that 
is, its diminishing and increasing distance from the 
equator, "When the vessel set sail, the Sun was vertical 
considerably to the north of the equator : as the vessel 
crossed the line, the Sun was vertical thereabouts at 
the same time : and when the vessel arrives at its 
destination, the Sun has arrived at its greatest southern 
distance &om the equator. 

Such is the effect which the obliquity of the Earth's 
axis produces on the succession of seasons : if that axis 
were perpendicular to the plane of the Earth's orbit, 
or, which amounts to the same thing, if there were 
always some part of the equator precisely between the 
centres of the Sun and the Earth, we should have no 
vicissitudes of seasons^ because the Sun would be 
always at an equal distance from both poles. 

We have already stated that the Sun is nearer to the 
Earth in the winter than in the summer ; and it would 
seem that the Earth should receive a larger portion of 
heat in December than in June; but the obliquity of 
the Earth's axis, which gives rise to the phenomena of 
seasons, almost altogether obviates the mere effect of 
propinquity. The consequence of this obliquity is, that 
in the middle of summer, the Sun attains an aUiUide^ or 
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elevation, above the horizon, of sixty-two degrees; while 
in the middle of winter, he does not reach higher thaa 
fifteen degrees^ in the latitude of London* This differ- 
ence of meridian-altitude is due to the greater or less 
distance of the spot where the Sun is vertical, &om the 
parallel of latitude in which London is situated : and as 
the Sun passes round our globe every twenty-four 
hours, it is constantly describing a winding course from 
one tropic to the other. It is this spiral or winding 
motion, which the poet Thomson alludes to in our quo- 
tation at the head of this chapter. Now the simple 
circumstance of the summer altitude of the Sun 
increases the amount of heat received, in two different 
ways ; first, the direct rays of the Sun have more power 
at a high, than at a low elevation, because they have a 
less thickness of atmosphere to pass through ; second, 
a longer time must be employed by the Sun in at- 
taining a great altitude above the horizon, than in 
attaining a smaller altitude: so that he must then 
be above the horizon a greater number of houis 
during the day, and consequently shed a larger amount 
of light and heat in the case of the greater altitude than 
of the smaller. These are occurrences with which we 
are familiar from year to year, because they exert too 
extensive an influence on the affairs of life to escape our 
notice. If, however, we compare these occurrences with 
the different positions of the Earth, as represented it 
the foregoing figure, we shall see that the whole depends 
4ipon whether the northern hemisphere in which wiS 
live, is turned nearer to, or feurther from, the Sun, jthao 
^e southern hemisphere. 

But we cannot help noticing that, as the southern 
.hemisphere has its smnmer while we have our wiatar^ 
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although we may not feel our winter to be much miti- 
gated by greater propinquity to the Sun at that season, 
it would follow that the eouthem summer should be 
watmer and the winter colder than with ua; and the 
testimony, if we may lely upou it, of those who have 
tried the experiment in both regions of the world, cor- 
TobonteB the inference which ecience had previously 




Now, in order to estimate the real position of the 
Euth in space at any given time, or the apparent pod- 
tion of the Sun, the astronomers of old time deviaed ft 
method, which is still in use, and which we now pro- 
«aed tQ detail. 
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The myriads of stars with which the heavens are 
studded, and whose glittering brilliancy forms suclia 
sublime object of contemplation in our long winter 
nights, we call for the most ^urt^fiaed; as we find tbem 
maintain constant distances and positions with regard 
to one another : this circumstance gives them a value 
as standards, by which we may compare the motions 
of other bodies. If we use a twelve-inch rule to mear 
sure the distance between two points, the value of the 
rule depends upon the circumstance that the inches 
are always exactly the same distance apart ; and so it 
would be with any other standard of measurement. 
"When we consider that the Sun, immensely distant as 
he is, is yet infinitely nearer than the fixed stars, whose 
distance has never yet been ascertained, we shall per- 
ceive that he must very frequently appear to come be- 
tween the Earth and some one star, so as to conceal the 
star and the Earth from each other. It has, therefore, 
been found convenient to refer the position of the Sun 
to that star, the position of the latter being previously 
known. 

By this plan astronomers can describe to one another 
and to their readers, the positions of any of the moving 
heavenly bodies. In the early ages, when the Chaldean 
shepherds watched the heavenly bodies through the 
clear and serene atmosphere of Syria and Mesopotamia, 
and at a later period when the Arabians cultivated 
astronomy, the stars were parcelled out accordincr to 
some fancied resemblances to animals and other objects, 
as may be seen on a celestial globe. In many instances 
it baffles both the eye and the imagination of a modem 
observer, to detect any resemblance to the objects named 
in this celestial menagerie ; but in so far as it enables 
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us to map out the stars into convenient and small por- 
tions, the arrangement is of service. Each of these 
sets of stars is called a constellation^ or assemblage of 
Jtars. It is to this plan of comparing the clusters of 
itars to the forms of certain animals and other objects, 
,nd the practice of representing them on our globes, 
hat Darwin alludes in the following lines : — 

So erst, 'ere rose the science to record 

In lettered syllables the volant word ; 

Whence chemic ai*ts, disclosed in pictured lines. 

Lived to mankind by hieroglyphic signs ; 

And clustering stars, portrayed on mimic spheres, 

Assumed the forms of lions, bulls, and bears. 

In the course of the circuit which the Sun appears 
3 make among the stars in a year, {see Frontispiece^) 
be ancients managed to trace out resemblances to 
jvelve objects in particular, each object being repre- 
mted by a cluster of stars, through the midst of which 
be Sun had to pass. The Latin and English names, 
ad the symbols by which these are known, are the fol- 
)wing :— 



Aries 

Taurus 

Gemini 

Cancer 

Leo 

Virgo 

Libra 

Scorpio 

Sagittarius 

Capricomus 

Aquarius 

Pisces . 



the Ram 
the Bull . 
the Twins 
the Crab . 
the Lion 
the Virgin 
the Balance . 
the Scorpion 
the Archer 
the Goat 
the Waterman 
the Fishes 
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These twelve are called the signs of the Zodiac; tlii» 
latter term being derived from the Greek for an animd. 
The remaining constellations, north and south of tke 
the Zodiac, amount to eighty-two. 

Now, when the Sun is said to be in Aries, for in- 
stance, it means that he is situated between the Earth 
and that cluster of stars, which is named after the B<m; 
and so accordingly with any other cluster of stars. 
When these names were first given to the different sets 
of stars, the Sun, on the 21 st of March, was about 
coming between the Earth and the sign Aries, or Ram, 
and that position was called the^r*^ point of Aries: 
for a long series of years, therefore, the Sun arrived at 
the first point of Aries on the 21st of March. In order 
now to obtain precision in naming the position of the 
Sun at any other period, the whole apparent circle 
described by him was divided into twelve equal parts; 
whether or not these parts exactly coincided with 
the outlines of the clusters of stars from which 
they were named. Each of these portions, or signs, 
was farther divided into thirty equal parts, called 
degrees; so that the position of the Sun at any period 
could be expressed with great accuracy. This appa- 
rent motion of the Sun is from west to east,-^^r from 
the sign Aries to Pisces, — and results from the motion 
of the Earth in the same direction. 

In the course of ages, however, it was found that the 
Sun did not occupy the same position in the constella- 
tion Aries on the 21st of March, as he had occupied at 
an earlier period. This is occasioned, not by a motion 
of the stars, but by a change in the point of the Earth's 
orbit at which the two hemispheres are equally exposed 
to the Sun : a point, which is generally expressed as 
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iHat in which the plane of the equator cuts the plane 
of the ecliptic. This point is called the equinox^ from 
the circumstance that the day and night are equal to 
all parts of the world, when the Sun is at the point of 
intersection. This motion of the equinox is called the 
precession of the equinoxes; or more properly the reces- 
sion, hecause they appear to travel IxMckwards, and the 
signs forwards: it is occasioned hy the attraction of 
the Sun and Moon for the mass of terrestrial matter at 
the equator. This precession is, however, so exceed- 
ingly slow, that it has taken ahout two thousand years 
for the equinoctial points to recede through one sign, 
or 30°, from the point where it was fixed by Hippar- 
chus, who was called the " father of astronomy." The 
vernal equinox, on the 21st of March, now occurs when 
the Sun is actually in the constellation Pisces ; but still, 
for the convenience of maintaining the same nomen- 
clature, the Sun is said to enter the first point of Aries 
on the 21st of March: it therefore results that the sign 
Aries does not correspond with the constellation Aries. 

We now tmderstand what is meant by the tropic of 
Cancer, and the tropic of Capricorn ; and we shall also 
see in what way the signs of the Zodiac become S3an- 
bols, as it were, of the kind of season which we ex- 
perience, by merely considering that the Sun is between 
us and those constellations. For instance, when spring 
is about verging towards summer, the effect is thus 
alluded to : — 

At last from Aries rolls the bounteous Sun, 
And the bright Bull receives him. Then no more 
Th' expansive atmosphere is cramped with cold ; 
But, fall of life, and vivifying soul, 
Lifts the light oiouds sublime, and spre^j^La Wi.eTsv V)m2^> 
Heecjr and white, o'er all-surrounding ^eaNeu* 
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In the middle of a northern summer, the Sun is in 
the sign Cancer, and at that time the inhahitants of 
that portion of the Earth where the tropic of Cancer 
is situated, have the noon-day Sun precisely over their 
heads ; that tropic being the most northern situation in 
which such a circumstance occurs. From thence the 
Sun gradually travels in a spiral manner down towards 
Capricorn, during which time Autumn's milder heat 
succeeds to Summer s glow, — 

When the bright Virgin gives the beauteous days. 
And Libra weighs in equal scales the year ; 
From Heaven's high cope the fierce efiiilgence shook 
Of parting sununer, a serener blue, 
With golden light enlivened, wide invests 
The happy world. Attempered suns arise. 
Sweet-beamed, and shedding oft through lucid clouds 
A pleasing calm ; while broad, and brown, below 
Extensive harvests hang the heavy head. 

Again, when the Sun is in the sign Capricorn, the 
inhabitants of the line called the tropic of Capricorn 
have their noon-day Sun vertical. For ourselves and 
the northern hemisphere, it may be remarked that at 
this season, when 

the cheerless empire of the sky 

To Capricorn the Centaur Archer yields. 
And fierce Aquarius stains th* inverted year ; 
Hung o'er the farthest verge of Heaven, the Sun 
Scarce spreads through ether the dejected day. 
Faint are his gleams, and ineffectual shoot 
. His straggling rays, in horizontal lines. 
Through the thick air ; as clothed in cloudy storm. 
Weak, wan, and broad, he skirts the southern sky ; 
And, soon descending to the long dark night, 
Wide-shading all, the prostrate world resigns. ' 
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If, in astronomical works or almanacs, tlio reader 
slould meet with such expressions as " the Moon is in 
Aries," or "a conjunction will take place in Libra," 
&c., he will at once understand that he must look for 
this event in the cluster of stars forming such a con- 
stellation, although he may feel quite certain that the 
Sun, or Moon, or planets, are much nearer to him than 
the constellations to which he refers them as a back- 
^ound, and to which they seem, at the time, to belong. 

Day and Night. 

We will now explain the causes of the different 
amount of light which we receive at different hours of 
the day, and at different seasons of the year. 

N Fig. 24. 




The Sun is the great source of light to the solar 
lystem; and without him, all would be dark and 
Qvisible : we must therefore direct our special attention 
the position of the Sun, in order to understand the 
han fifes from light to darkness. 

The question of day and night depends upon this 
rinciplc, that one-half of a globe, and no more, is 
Juminated by one source of light, as we see in the 
gure above. If the candle is placed in the plane of 
be equator^ for instance, then, as tiie g\o)oft \a \,\3LT0kfc^ 
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round, one hemisphete is constantly illaminsted from 
nortli to south. 

But now suppose-we have a miniature representatioo 
of the Earth, and suppose the Sun at o to be ehiniiig 




on the parts at a from some distance on the right. We 
then find one-half of the giohe illuminated, and the 
other half shrouded in darkneas. If n s be the axis 
of the globe, round which it maybe supposed to revolve, 
thenEQ is the eqnator, Bathe ecliptic, and Aa,Bi, 
the two tropics. The line lt> separates the dark from 
the illuminated hemisphere, and is therefore the r&il 
horizon. Let the spot a represent any given place, and 
let us see what will occur if the globe revolve on its 
axis N s. In its present position, the spot a receives a 
large and continuous amount of light from the Sun; 
because he is not invisible until a arrives at the position 
c : when, however, the globe has turned half round on 
its nxis, wc find the place in question at a, where it i» 
shrouded in darkness. These effects, it will be per- 
ceived, are brought about by the motion of the globe 
on its axis. Furthermore, we sec that the Korth Pole 
has constant day, and the South Folc constant night; 
for, as the globe revolves upon n s, l N must always be 
in the light, and s ]> in the shade. Again, suppose the 
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ree lines, a a, e a, b &, to be the parallels of latitude 
certain places; at a, e, and b, it is midnight, — at a, 
the centre, and at c, it is sunrise ; and at «, q, and I, 
a mid-day. As onr figure representa the time of the 
nmei solstice*, we eeethat, at the North Pole, there 
ao night ; at the tropic of Cancer, there is a short 
[ht and long day ; at the equator, the day and night 
I equal, as is alvrays the case ; at the tiopic of Capri- 
n the night is long, and the day short, and at the 
ith Pole there is continual night. 
We will now take the case of the winter solstice, 
len the former positions will be reversed, as we see 
the accompanying figure. The globe, which is ilht- 



ip' 



lated as to one hemisphere hy the Sun at o, revolves 
its axis N8, so that l n is constantly in the dark, 
I B D constantly in the light. The placea on the 
them parallel a A, have a short day and long night; 
BQ they have the day and night equal; and at the 

The terra lolstice is from the lAtin, and denotes the 
ding iliil qf the Sun; because, at the timee of the solstices. 
Sun does not change its declination for several daj'a ioge' 
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THE HORIZON. 



southern parallel ^ B, a long day and a short night ; at 
s there is constant day. At the equinoxes, the real 
horizon passes through the poles. 

Now, the surface of the Earth, to a spectator standing 
on it, does not seem to form part of a globe, because 
the curvature is so very gradual : it seems to be a flat 
surface, the houndary of which is called the xUMi 
horizon: it follows, therefore, that every different spot 
on the Earth's surface has a different horizon. When, 
therefore, we speak of sunrise, we mean that the Sun 
first makes his appearance above the horizon of the 
place we are in. If, then, each separate place has a 
different horizon, it follows that the absolute time of 




sunrise is different at the different places. In the above 
ficrure, A B c is a segment of the Earth's surface. The 
horizon of A is in the direction pa; that of B in the 
direction q B ; and that of c in the direction c R. Now, 
if we imagine the Sun rising on the left hand, it is 
evident, by inspection, that the people at a must see 
him when he shall have arrived at p ; that the inhabit- 
ants at B must wait till he shall have arrived up at q; 
and that the people at c will only begin to see him at 
B ; or, more strictly speaking, the Earth revolves in 
the direction c b A, and so the horizon of each place rolls 
towards the Sun. 
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Refraction. 

From what Las been stated, and from the circumstance 
that the Sun is* the source of light to the Earth, it 
would seem that the moment the Sun set, or became 
concealed from us, we should at once be immersed in 
darkness; a transition so sudden, that the presence of 
the stars, or even of the Moon, would not be sufficient 
to recompense us for the deprivation of the Sun's light. 
All this would occur, if there were no atmosphere sur- 
rounding the Earth. The atmosphere, which supplies 
us with the means of respiration, and with a medium 
for the communication of sound, which supports com- 
bustion, which is an aerial ocean in which birds can 
float, — this same atmosphere, wrapped round us like an 
invisible garment, serves to soften the intensity of the 
noon-day heat of the Sun, to give him his ruddy colour 
at rising and setting, and also to furnish us with that 
subdued light which, under the name of twilight, mode- 
rates the change from light to darkness, and prepares 
us by degrees for the still, cold, calmness of night. We 
must explain how this occurs. 

When a ray of light is passing through a transparent 
body, it moves in a straight line, so long as the medium 
remains of the same density; but if any change occur 
in the density, or compactness, of this medium, the 
rays become bent out of the straight line, the bending 
taking place towar^ls the denser portion: this bending 
is called refraction. Now, the atmosphere which sur- 
rounds the Earth consists of a light elastic fl^uid, not 
•yj^th part so heavy as water; so that the upper por- 
tions press on those which are lower, and make them 
more dense or compact than they otherwise would be: 
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this compression gives to tlie lower portions of tte 
atmosphere a power .of refracting rays of light more 
than the upper portions. 

The atmospheric air, then, is most dense at the sur- 
face of the Earth; and its refractive power gradually 
decreases, until we get to a density of air so small, that 
it ceases to disturb the direct progress of a ray of Hght 
When a ray falls upon a medium of varying density^ 
such as the air, it will be turned gradually out of ks 
path so as to form a curved line, as shown in the £guie, 
where we have the Earth surrounded by an atmospheie 
of varying density, the density at c being greatest, and 
least at a. Now, if h h' be the horizon of an observer, 
und s be the Sun actually below his horizon, the ray sr 
will proceed in a right line until it meets with the 
atmosphere a, when it will begin to tuyn out of its 
previous path ; and were the refracting medium of the 
same density throughout, the new path of the lay 
would be in a right line also; but not in the same direc- 
tion as the first. But, as we have seen that the density 
•of the refracting medium increases as we approach the 
Earth, the ray is consequently more and more refracted 
on entering the strata at b and c, so that an observer 
at o receives this refracted ray in a curved line; but, as 
he can only see an object in straight lines, it follows 
that he seems to receive the Sun's rays at r', and that 
an image of the Sun is seen by him at s\ 

Hence it is inferred that the heavenly bodies are 
never seen in their true places, except when in the 
zenith; refraction having no eflfect on a vertical ray. 
Refraction is greatest at the horizon, and decreases 
upwards, as may be noticed in the case of the star a, 
which is seen at a' by an o\is^x\«i ^\. o' \ \svs.\»^ \ife\a.^ 
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igher up, its rays are not so much refracted as in the case 
' the Sun. The altitude of the heavenly bodies seems 
rcater, therefore, than it really is, in proportion as we 
)nie down to the horizon, where the air is thicker 
id more humid. The effects of refraction were first 
Jticed by Ptolemy, the Egyptian astronomer, about 
le year a.i>. 140. 

While the Sun is within 18° of the horizon, or for 
a hour and twelve minutes befr)re sunrise and after 
inset, we have some light from the Sim; and for 
»any nights about the time of the Summer solstice, 
18 Sun being within 18° of the horizon, we have no 
Btual night. 

It follows, therefore, curiously as it may seem, that, 
^hen we seem to see the Sun just above the horizon at 
mrise and sunset, he is not actually above the horizon, 
ut only seems so, in consequence of the bending round 
f his rays towards the parts where we may be*, 
gain, the thickness of the stratum of horizontal air 
lakes the Sun and Moon appear larger than when 
leir rays come down to us le^s obliquely; and, owing 
' the difference of the density of the air at the upper 
id lower parts of the disks of the Sun and Moon, 
ese bodies are often seen of a compressed or oval 
rm. 

■ It was in consequence of this effect of refraction that on 
3 20th of April, 1837, the Moon appeared to rise eclipsed, 
fore the Sun had set : which, but for refraction, could not 
ssibly have happened ; for the three bodies would not have 
sn in a line. 
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CHAPTER VIII. 



THE TIDES. GENERAL THEOBY OF TIDES. SPRING AKD 
NEAP TIDES. AERIAL TIDES. LATITUDE AND L0V6I- 
TUDE. 



Tides. 

We must now recur to the consideration of the dinct 
influence of the Moon upon our globe, and give onr 
attention to the third class of phenomena which we 
enumerated at page 114, as resulting from the joint ope- 
ration of the Sun, Moon, and Earth — the tides. 

In our second chapter, we stated that one of the 
properties of matter is to attract other matter towards 
itself: for example, that a stone drops to the Earth, by 
Tirtue of the Earth attracting the stone; that the 
planets retain their wonted distances from one another^ 
and from the Sun, by virtue partly of the operation of 
this law. 

Now it will not be difficult to conceive that, if 
attraction has reference to all matter, and if the Earth 
and Moon attract each other reciprocally, the Moong 
attraction, if not felt to influence the solid matter of the 
Earth, may produce a great effect on that form of 
matter which is most easily moved, i,e,^ the liquid form. 
Now, if we exert an attractive or moving power of any 
kind, on a solid mass, such as of iron, the whole mass 
will be moved at once, if any part be moved ; because 
the particles of which it is composed are so closely and 
intimately bound toget\ier, t\ia\. a. ^x^^'svrk^ ot ^^^1^ 
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force will not separate them; unless, indeed, it be Tery 
enormous. With a liquid, however, we know that such 
18 not the case. If we move the finger rapidly to and 
&o in a basin fiiU of water^ we shall separate some of 
the water from the remainder, and propel it over the 
edge of the basin: we can dip a vessel into the water, 
and take out a portion of it, without altering the nature 
or appearance of that which remains. A solid body 
may be immersed in the liquid, so as to be completely 
surrounded by it; thus showing the ease with which 
ihe bulk of water may be separated, so as to allow 
other bodies to insinuate themselves between its par- 
ticles. Nothing of this kind happens with golid bodies; 
and this difference is the sole cause of the production of 
Tides, which we proceed to explain. 

The reason why the Earth revolves round the Sun, 
instead of round any of the planets, is, that the large 
mass of the Sun exerts a stronger attraction than any 
oi the planets. Again, the reason why the Moon 
levolves round the Earth, is, that she is much nearer 
to the Earth than to any other planet; while at the 
same time she is much smaller than the Earth. 

The distance between the Earth and the Moon is 
regulated by the amount of the attraction of one for 
the other, and by the velocity of the Moon s motion; 
and as those quantities are equal year after year, there 
is no perceptible disturbance exerted by one on the 
other. This is, however, only true with reference to 
the Earth, considered as a whole: we must bear in 
mind that three-fourths of her surface is covered with 
water, a substance more likely to be influenced by an 
attractive force than a solid body, owing to the ease 
with which the particles of water glide over one 
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another. It ia found that, although the Moon's a 
tioo. of the Earth, as a whole, is neutralized b; 
counteracting attraction of the Earth fur the ft 
yet the wat«rs on the surface of the Earth, hai 
loosely together as it were, suffer a perceptible 
nation towards that quarter where the Moon ini 
situated. 

Let us suppose, while discussing the Theory o 
Tides, that the leAole of the exterior of tho Earth 
sists of water. This will make our illustrations cli 
We will also first suppose that there is no Moon t 
on this watery surface of the Earth; then the n 
would maintain their wonted level, which we 
represent by the shaded ring a b eurroundiug the Eai 
(No. 1, fig. 29.) Bat suppose now (No. 2) the K 
M, to exert her influence on the surface of the E 
then we must suppose that the waters on the Ea 
surface would flow towards tho side b of the i 
nearest to the Moon, in consequence of her attrai 
of them, and that they would thus be drawn up in 
protuberance, by which an additional quantity of w 
would be collected on the side i, which could only c 
by a deprivation of the proper quantity elsewhere, w 
is indicated by the diminution of the width of 
■aqueous ting at the other parts, and chiefly at a, 

1 Flg.B9. s 
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But here, against all this, we Have a remarkable cir- 
cmnstance to notice. We actually find in nature that 
not only is the water nearest to the Moon drawn to 
wards it in the way just described, and is therefore 
elevated, but the water on the opposite side of the Moon 
is elevated in like manner. Now it is plain that the 
Earth itself, the solid part (especially in a central di- 
rection), must feel the attractive or dra/voing influence 
of the Moon in a greater degree than the portion of 
water which is most remote from the Moon. Thq real 
form of the liquid surface therefore becomes something 
like that of an e,^^ the small ends being formed by the 
protuberant water at each extremity, and the flattened 
sides being due to the diminution of the quantity of 
liquid which would otherwise belong to them : the real 
nature of this rise of the waters is therefore better repre- 
sented by the accompanying figures, where it will be seen 
the waters are collected in greatest quantity at the sides 
nearest to, and furthest from, the Moon, that is, at the 
amWi and nadir. In ^g. 30 the Moon is new, or in 
oonj unction; in fig. 31 the Moon is full, or in opposition. 
Hence the same effects are produced twice in the lunar 
month — at new and Jull moon. 

We have hitherto considered the action of the Moon 
only on the waters of the Earth; we must now refer 
to that of the Sun. Although the Sun is so much 
larger than the Moon, yet his distance exceeds that of 
the Moon in a still greater ratio ; so that his specific 
attraction for the waters of the Earth is less than that 
of the Moon; the attractive force of the Sun being to 
that of the Moon (as is generally considered) 1 to 5. 
We have therefore to add, or to subtract, the Sun's at- 
traction, according as it assists or opposes that of the 
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Moon. Suppose (fig. 32) that the Moon is in quadra- 
ture; that is, in the first or last quarter. In this state, 
as before explained, the Sun s, the Earth e, and the 
Moon niy form a* right-angled triangle. The Sun acts 
on a part of the Earth 6, which is a quarter of a circle 
removed from the spot a, on which the Moon acts. 
In fact, the Sun acts precisely on the part depressed 
through the Moon's action. As the Moon, therefore, 
would cause the waters to rise at the two parts a and 
a' in the proportion of 5, while the Sun's influence at b 
and b' is in the proportion of ], we have by these 
means four protuberances instead of two. We have repre- 
sented these as separated by indentations, for the sake 
of clearer illustration. Hence by subtracting the Sun's 
effect I from the Moon's effect 5, we have remaining 4, 
which expresses the highest tide in this position of thenu 
But now suppose again that the Moon is either /idl 
or neto: the three bodies in question are then in a line, 
and the action of both Sun and Moon vnll be concen- 
trated to the same points, and the rise will be greater 
than if the Sun had not been present. It matters but 
"little whether the Moon be new, as at w, ^g. 30, or full, 
as at m, fig. 31 ; because in either case the effect is to 
raise the waters at a a\ and to depress them at b V ; 
for the attractive force of the two bodies, when the 
Moon is new, operates most at a^ and least at a' — par- 
tially at b and b\ In the sinking down of the water 
at b and b\ the greater portion is carried off to- 
wards a, and a smaller portion goes round to help to 
' raise the parts at a', where the water is least affected 
by the attracting bodies. The like reasoning may be 
used in reference to the full Moon (fig 31), where the 
rise at a and a' is followed by the subsidence at h and V. 
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It should, however, be observed in addition, that 
the curions circumstance of hi ah water at the zenith 
and nadir at the same time, has been accounted 
for by reference to the centrifugal force of the water 
of the Earth; which force is generated by the 
rotation of the Earth on its axis, and is greatest at the 
contrary side of the Earth to the Moon: so that high 
water at the side nearest to the Moon is due to her 
positive attraction; but on the side furthest from the 
Moon to uninterrupted centrifugal force. 
• These fluctuations of the waters of the ocean con- 
stitute Tides. As the Earth revolves on its axis the 
protuberant waters travel in the opposite direction, 
being chiefly influenced by the Moon ; and to a certain 
extent by the Sun. The Moon comes to the south of 
OS every day later than on the preceding day, and the 
time of flux or high tide at any place is also later 
every day than on the preceding, in the same 
proportion; which is a sufficient indication of the supe- 
rior attraction of the Moon. As there are two opposite 
protuberances, or high tides, on the surface of the Earth 
at one time, it follows that, in its turning once on its 
axis, every part of the Earth experiences two high tides 
and two low tides intermediate between them. These 
alternations in the open sea are at intervals of about 
six hours asunder; but in rivers great irregularities 
occur;^ where, very generally, owing to the impediments 
of the banks, the tide rises higher than in the open 
seas. In order to supply the additional quantity of 
water to those two portions of the Earth which are in 
a line with the centres of the Moon and Eaith, the 
livers and seas on each side must part with a portion of 
their waters, which is returned to them about six hours 
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afterwards ; but this flux and reflux, or ebb and flow, 
is much retarded by the nature of the channels through 
which the water has to flow; so that high tides occur 
at very various times in parts of the world not much 
distant from each other. 

If the Moon were stationary, an ebb and flow would 
occur every twelve hours ; but, as the Moon revolves 
round the Earth, the Earth must make rather more 
than one revolution on her axis, before two ebbs and 
two flows can be completed: hence, hip;h water is about 
three-quarters of an hour later on each succeeding '-ay. 
The tides at new and full Moon, which are greater than 
those when the Moon is in quadrature, are called spring 
tides, and the latter neap tides. The tides suff^er a vari- 
ation in amount from another cause. We have seen 
that the Moon revolves in an elliptical orbit; so that at 
one time she is nearer to the Earth than at another 
time. Now if the spring tide happen when the Moon 
is at her shortest distance from the Earth, the tide will 
be greater from that cause also than if she were more 
remote ; and if at the same time the Earth be at its 
nearest distance from the Sun at the time of spring tide, 
the tide will then be the greatest that can occur. 

It is not, however, high water at the parts imme- 
diately/ undet* the Moon: the attraction of the Moon 
takes time to produce its full effect ; so that three hours 
elapse, even in the open ocean, before the completion 
of the highest tide : that is, if the Moon came over any 
given spot at twelve o'clock, it would not be high water 
there until three. An analogous circumstance is ob- 
served in the hottest month of the year, and the hottest 
hour of the dav. The Sun sheds most heat on our 
portion of the Earth in June ; yet we find July and 
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Auprust to be hotter: again, lie sheds more heat at 
twelve o'clock than at any other hour; yet we find 
one and two o'clock to be hotter. This arises from the 
fact that the Sun*s influence is felt as if it were accumu- 
lated^ after his (greatest direct effect is passed, by reason 
that the Earth is already saturated with heat. In like 
manner, the spring tide is not until about three days 
after new, or full moon ; and the greatest spring tide 
not until February and October. The Moon's effect is 
felt, in fact, after it has ceased to operate, on the prin- 
ciple in Mechanics, that the effect of a force continues 
even after the motive power has subsided. 

When the Moon is above the horizon more than 
twelve hours in one day, one of the tides is higlier at 
that place than the other on that day, because the 
Moon is acting upon that spot for a longer period : but 
if the Mo(m be above and below the horizon for about 
equal periods, the two tides are also about equal. The 
tides are very unequal at different places, chiefly on 
account of the nature of the channel in which the 
water is confined. At Plymouth the difference between 
the highest and lowest tide, on the same day, is some- 
times twenty-one feet ; while at Mount St. Michael, in 
Cornwall, it is sometimes eighty or ninety feet. 

In perusing the history of Ancient Navigation, we find 
that the ancients, whose naval pursuits were long limited 
to the Mediterranean Sea, were ignorant of tides ; this 
sea, as likewise the Baltic, not being apparently so 
affected by the solar and lunar influence, as to exhibit 
an ebbing and flowing of their waters. These seas 
have inlets so narrow, as not to allow of a free passage 
of the water ; and the attractive influence has passed 
away before any very sensible effect is produced. In 
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the case of these seas, and also of hikes, the Moons 
influence is equally exerted ; and, there being no swell, 
is less perceptible. Though we learn that the cause of 
the tides was first suspected by Pytheas^ a narigator, 
who flourished 400 b. c. , yet Newton was the first to 
demonstrate that the tides were the result of the 
attraction of the Sun and Moon ; and thus did he add 
another to the long list of benefits which he conferred 
on posterity, by explaining those sublime and beautifnl 
laws, according to which it has been ordained that the 
world shall be governed, by Him who— 

Gives and guides the Sun^s attractive force. 
And steers the plaaets in their silver course ; 
With heat and light revives the golden day. 
And breathes his spirit on organic clay ; 
With hand unseen directs the general canse^ 
By firm, immutable, immortal laws. 

Air, being lighter than water, and being likewise 
nearer to the Moon, must be more within her influence: 
hence there are doubtless aerial tides ; of which if the 
nature were well understood, the subject of meteorology 
and of the weather generally, would be more decidedly 
a science than it now is. 

Latitude and Longitude. 

The ancients knew that a great boundary to the west 
was formed by the Atlantic Ocean; but the confines of 
the Earth towards the east they supposed were illimi- 
table. Hence, the distance on the Earth's surface, 
measured from west to east, they termed Limgitude^ or 
measurement in length, which they supposed infinitely 
greater than the measurement in breadth, north and 
south, which they termed Latitude. Ptolemy, in the 
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middle of the second century of tlie Christian era, first 
naed this mode of fixing the positions of places on the 
Earth's enrface. 

In the modern acceptation of the terms, latitude is 
the distance of any place north or sonth from the 
•qnator ; and longitude^ its distance east or west of any 
giren meridian. Thus, the line of latitude is always 
tX right angles to the line of longitude ; and the spot, 
denoted by a certain latitude and longitnde, is situated 
where these lines cross each other. This mode of 
marking out the position of a place on the surface of 
the Earth, is referrible to the motion of the Earth on 
its axis : which motion is the most constant and eqoable 
in nature. 




In the subjoined figure, we have a representation of 
the terrestrial globe. The North and S.iuth Poles, p 
and q, ate the extremities of the imaginary axis ; or 
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those points which do not revolve at all. The equator, 
E M B R^ is equi-distant from these points. Lines 
parallel to the equator are called parallels of latitude; 
of which as many may be drawn as we choose ; but it 
is usual in maps and globes to draw them through 
every 10° northward and southward : the space between 
every two parallels being then divided into ten parts, 
each of which is a degree. From p or q to e or b are 
reckoned 90°, which is one quadrant of the globe. 

It is usual for the principal nations in the world, 
which have cultivated science, and made themselves 
respectable in the opinion of fellow-nations, to reckon 
their longitude from the meridian of their own capital 
Thus, the English reckon longitude from the meridian 
of Greenwich, which is, as it were, part of London, 
and is the site of the royal observatory. The French 
count deorrees of lonoritude from the meridian of Paris. 

Longitude is reckoned eastward and westward ; and 
the meridians are usually drawn on globes and maps 
15° apart, because the Sun passes over this extent of 
the Earth's surface in one hour : or all round the globe 
in twenty -four hours: so that there are twenty-four 
meridians, or lines of longititde, such as we see drawn 
from p to Q, where the line p a q, is the meridian of a. 
Each degree of longitude is, at the equator, about 
sixty-nine and a-half English miles; and each degree 
becomes less as we recede from the equator towards the 
poles, in consequence of the circles getting smaller. 
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CHAPTER IX. 

THE EXTERIOll PLANETS. MOTIONS OF THE PLANETS — 

STATIONARY, DIRECT, AND RETROGRADE. MARS. THE 

■ ASTEROIDS. JUPITER — MOONS OF — THEIR USE IN 

■ 

FINDING THE LONGITUDE AND IN DETERMINING THE 
VELOCITY OF LIGHT. SATURN — RING AND MOONS OF. 
URANUS — MOONS OF. 

In making obseryations upon the heavens, and the 
^cbes which exist and move about in them, the 
beholder, whether ordinary or telescopic, has his atten- 
tion arrested at one time by the apparent size, — ^at 
another time by the brightness, — ^then again by the 
colour, — then by the sparkling, — then by the steady 
light of the celestial object of his vision: — ^these circum- 
stances, one or more, are found to apply to the planets 
spoken of in chapter 5, and likewise to the remaining 
planets, of which we are now about to speak. But 
most curious and singular above all, is the Rino of 
Saturn. To this nothing like or similar is found in 
the celestial creation; and so forcibly are we struck 
with this consideration, that, in passing beyond the 
orbit of the Earth, we have our mental vision directed 
to it at once, though in order, it is the last but one of 
the planets to be treated of. 

It astonishes \\s that a star should be found at all 
thus encompassed, and still more does it astonish us 
that there should be but one star, as far as our ken has 
enabled us to judge, which has so elegant, but myste- 
rious, an ornament. Its nature and uses are matters of 
speculation, and easily occur, as suggested by fancy, to 



178 EXTERIOR PLANETS. 

the mind of tHe reader of astronomy; but wHen tlie 
leader finds tbat tbere is a planet beyond Saturn, whicli 
not only bas no ring, but even a smaller number of 
moons than Saturn, be will feel bimself puzzled to ac- 
count for tbis seeming discrepancy in the regulation of 
the planetary globes by tbe Author of good, unless he 
remember for a moment tbat full observations have not 
yet been made on the planet Herscbel, or Uranus, 
owing to its immense distance, and the comparative 
imperfection of the instruments of man. To this we 
may append the consideration, that by means inscruta- 
ble to us the Almighty has, in all probability, compen- 
sated to other globes the deficiencies which their greater 
distance has occasioned them. 

Tbis consideration will apply likewise to the circum- 
stance of no Moon being found to revolve round the 
planet Mars, which is further from the Sun than the 
Earth : but here, the constitution of its atmosphere 18 
probably such, that so much solar light is absorbed and 
refracted, that lunar or reflected light is not found 
wanting. But we cannot afford to linger any longer in 
the regions of speculation ; let us pass on therefore to 
consider 

The Exterior Planets. 

Their wandering course, now high, now low, then hid, ] 

Progressive, retrograde, or standing still, 

In six thou seest Milton's Par, Lost, book viiL ] 

Before we enter into the details of the planets, whose 
orbits are without that of the Earth, we have to notice 
a peculiarity in their motions as seen from the Earth, 
which results from the circular or elliptical form of their 
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orbits, combined witli tlie annual motion of tlie Earth. 
^Ve have already alluded to this phenomenon in our 
second chapter, page 16. 

When a planet appears to move from the neighbour- 
hood of any fixed stars, towards others which lie to the 
east, its motion is called direct^ because the planets 
move round the Sun from west to east. When a planet 
seems to move towards the stars which lie westward, 
its motion is said to be retrograde; and at other times it 
appears to be stationary. 

Now as the planet is, in fact, constantly moving 
round the Sun, as its centre, it is said to have the three 
foregoing motions, which will be easily apprehended by 
the accompanying diagram (fig. 34). 

Suppose a planet to revolve round the Sun from west 
by south to east, according to the letters a, by c, &c. ' 
When the planet is so situated, that a line from the 
centre of the Earth will graze that part of the orbit 
where the planet is situated, the planet's motion is said : 
to be stationary y as at 5 o and/^. The planet is then ; 
approaching to, or receding from, the Ear{h. When 
the planet is furthest from the Earth, it has its natural 
or direct motion, as from d to e. But when the planet ■ 
is nearest to the Earth, as at a, its motion is termed 
retrograde^ because, owing to the motion of the Earth . 
in the same direction, it seems to go back in its course. 
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Mars. 

See Mors, alone, mns his appointed TBoe^ 

And measures ont exact the destined spao^ ; 

Kor nearer does he wind, nor further strajr. 

But finds the point whence first he rolled awt^. , ., 

This 16 the nearest planet whicli is exterior to iike 
Earth, and is remarkable for having a more rtiddy 
colour than most of the other planets. This ruddiness 
is believed to be due to a peculiar constitution of itir 
atmosphere; whereby it absorbs all the componait 
parts of the solar rays but the red^ which it refleiets. ' ^ 

The mean diameter of this planet is about 4M^ 
miles, being rather more than half the diameter of CU 
Earth. His form is that of an oblate spheroid^ wliMi 
is occasioned by his rotation on his axis, and is mit 
more flattened than that of the Earth, his ge^iiBt 
diameter being to his smaller as 16 to 15. He rcYtii^ 
round the Sun in an orbit which is, at the mesii 
distance, abont 144 millions of miles from the Sun: 
this orbit he travels round in about 687 of oar dajs 
with a velocity of 53000 miles in an hour. We saj 
our days, in order not to confound them with the day 
of Mars ; for, as he rotates on his own axis in aboat 
24 hours 39 minutes, his day is rather longer than oon, 
so that the period of his revolution is about 668 of his 
days. His rotation on his axis is estimated by perma- 
nent spots on his disk, which appear to be mountains 
as shown in figure 35. 

There are some circumstances in the appearance of 

Mars which confirm the statement, that his orbit is' 

exterior to that of the Earth. The appearance which 

he commoDly presents ia gIVibona. 1\aa '^^s^ lavj \ifc 



MARS* 185 

niustrated by figure W^ JLasb. Here we 9ee that 
A a B is a semicircle, and that A ^ B ia part of an ellipse; 
these joined together form ihe gibbous phase» Thus Mars 
sometimes appears gibbous, (as shown in fig. 35,) but 
never crescent-formed; as he would be sometimes, if he 
revolved within the Earth^s orbit: he appears nearly five 
times as large at one time as he does at another, on ac- 
count of his being so much nearer to the Earth when the 
£l^h is between Mars and the Sun, than when the Sun 
is between Mars and the Earth. When at his furthest 
distance from the Earth he subtends an angle of 4'', 
and when at his greatest distance an angle of 18'^, and 
the inclination of his orbit to the plane of the ecliptic 
gives an angle of 1^ 51'. 

This planet is about one-seventh of the size of the 
Earth) and is supposed to enjoy about half the light 
and heat that we have, but in a similar proportion 
throughout his year, from the circumstance that his 
axis is inclined to the plane of the ecliptic, nearly at a 
like angle with the Earth's, though he is much further 
off from the Sun. 

The matter, of which this planet is composed, is 
about one-fourth lighter than that of the Earth« His 
rotation on his axis, as determined by the motion of 
certain spots on his surface, is found out in the same 
Ufaj as has been already explained concerning the Sun. 

No moon has ever been found to accompany thi» 
planet ; though, being further from the Sun than the 
Earth, it would seem to stand more in need of a 
luminous auxiliary. But, by means of a good telescope, ' 
the poles, or extremities of the rotating parts of this 
planet, are observed to present a white appearance 
which becomes fainter when the pole, in the course of the 
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planet's ofbitd motion, is tnraed to the Banfti 
decided when inclined away. These white ^ 
natnrally enongh considered to be pohir snowtf 
disappear at the parts of the planet which htf 
for some time exposed to the Sun, while in tU 
time they reappear at the other part ; the fonM 
the summer, the latter the winter, of Mara. 

The axis of Mars makes with the axis of the 
an angle of about 30^^^ The Earth and Moon 
appear like moons to Mars; but, being in m 
between Mais and the Sun, would neyer appef 
fuU. 

The Asteroids. 

Until the present century, Jupiter was alwa 
sidered to be the planet next in order of dists 
Mars : but, since the commencement of this c 
four little planets called Asteroids^ because th 
the appearance of stars, have been discovered, 
which are further from the Sun than Mars, b 

* The term, frequently used in elementary worics of 
nomy, — **^ inclination of an axis to the plane of an o; 
is liable to mislead young readers from its ambiguity; a 
imply both the angle formed by the planet's axis with 
of its orbit, and that which is formed by the planet*s a: 
the plane of its orbit. Now, in the case of the Earth, 
mer would be an angle of 33^% and the latter an angle 
The Earth has therefore a moderate diversity of seaso) 
with the planet Venus, whose axis forms an angle of 1 
the axis of her orbit, there is a very great diversity of s 
and none at all with Jupiter, whose axis is parallel ^ 
axis of his orbit ; and scarcely any in the case of the 
which has its axis forming an angle of only l^^ with 
her orbit. 
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remote than Jupiter. These asteroids, or small planets, 
are called Vesta, Ceres, Pallas, and Juno, names of 
celebrated heathen deities of the feminine gender. 

Vesta was discovered in 1807 hy Dr. Olbers, an 
eminent German philosopher. It is supposed to be not 
more than 238 miles in diameter, though this is not 
yet considered as settled : its mean distance from the 
Sun is about 225 millions of miles, and it travels 
throuorh its orbit round the Sun in about 1 136 of our 
days : whether it revolves on its axis is not yet known, 
on account of its small dimensions. This planet was 
discovered last of the four, but is nearer to Mars than 
the others. 

Geres is about 285 millions of miles from the Sun> 
and is about 1760 miles in diameter : it takes about 
1680 days to revolve in its orbit round the Sun. M. 
Piazzi, of Palermo, in Sicily, discovered this planet on 
the first day of this century; it appears like a star of 
the eighth magnitude, and has a ruddy colour. 

Pallas is about as far as Ceres from the Sun, and 
goes round him in about four years and eight months. 
This planet is stated to be rather smaller than the 
Moon in size. It was discovered by Dr. Olbers in 1802» 

Juno's distance from the Sun is about 301 millions 
of miles, and it revolves round the Sun in about four 
years and four months : the diameter has been stated 
at about 1500 miles. Its apparent size is similar to 
that of Ceres. It was discovered by M. Harding of 
Lilienthal, in 1804. 

In speaking of these little planets, it is necessary for 
us to remark that any statements as to their diameters 
are not much to be depended upon : the extremely 
small diameters which they present to the eye deprive 
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the astronomer of mucli of tbe groundwork on whicli 
he builds his calculations. In fact, not only are these 
planets not seen with the naked eye, but they cannot 
be observed at all, except with the very best instru- 
ments. It is well known that the appearance of the 
larcrest and brightest of thera, as seen through the 
instruments at the Greenwich Observatory, is only 
similar to that of stars of the sixth magnitude ; and, 
when any one of these planets is among stars of such 
magnitude, it is impossible to distinguish the planet 
from the stars ; and it has often occurred that one of 
the fixed stars has been taken for the planet, and ob- 
served for a good while in its stead. 

In respect of the position of these little planets in 
the solar system, we may remark that there was 
formerly considered to be, as noticed further on, 
a wider interval than the proportions of the solar 
system allow, between the orbits of Mars and Jupi- 
ter ; so wide, indeed, that many astronomers had pre- 
dicted that some new planet would, at one time or 
other, be discovered between them. Now it so hap- 
pens that the four asteroids are very close together, and 
just at the distance from the Sun at which a new planet 
might be expected to lie : it is supposed, therefore, by 
some philosophers, that these four small planets are 
fragments of a larger planet which once moved in an 
orbit nearly coincident with the general position of 
these little planets. What mighty convulsion of Nature 
could have produced such a catastrophe, we can only 
conjecture : nothing for certain on such a subject can 
be known to us, except that " He who could make 
could also destroy." 

It should be observed that the Sun's apparent motion 
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is always in tlie ecliptic ; or rather, this is the path of 
the Earth among the fixed stars, as it is seen from the 
Sun. The Moon and all the other planets move within 
the Zodiac, which is 16° broad; the ecliptic being a 
line dividing it into two equal parts. The distance of 
the Moon or of any planet from this line, northward or 
southward, is the latiitide of such heavenly body. The 
latitude of the Moon and the six planets is never 
greater than 8°, so that they are always within the 
Zodiac ; but the asteroids, having oftentimes a greater 
latitude than 8% are termed t^/^ra-zodiacal, their orbits 
not being confined within the Zodiac. 

Many astronomers are, however, of opinion that the 
largest of these planets, Ceres and Juno, have not a 
diameter of more than one hundred miles, and that 
their average density is about twice that of water. 
Pallas is said to have a very hazy and extensive 
atmosphere. 

In respect of the orbits of Ceres and Pallas, it 
should be observed that, though the annual period of 
ihe latter is longer than of the former, and though, in 
mean distance, it is a superior and more remote planet, 
yet, owing to the greater eccentricity of its orbit, its 
circumference is smaller than that of Ceres. These 
orbits, therefore, intersect each other, and may eventu- 
ally lead to a mutual disturbance between the two 
bodies in question, unless some extraneous circumstances, 
such as the attraction of the larger planets, operate to 
prevent it. 
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Jupiter. 

Beyond the sphere of Mai% in distant skies , 
Bevolves the mighty magnitude of Jove, 
With kingly state, the rival of the Sun. 
About him round four planetary moons. 
On earth with wonder all night long beheld 
Moon above moon, his fJEur attendants, dance. 

This is the greatest of all the planets, and oome- 
quently the brightest ; except Venus, when she ap- 
proaches near to the earth. Jupiter is an oblite 
titpheroid, his greater diameter being more than 89,000 
miles. Owing to his revolving so rapidly on his axis, 
— ^the dinmal rotation being completed in ten horns,— 
he is more flattened than any other planet ; his greater 
diameter exceeding the smaller by 6000 miles, — man 
than three-quarters of the whole diameter of the Earih. 
He moves round the Sun in about 4332 days, which k 
nearly twelve years, by which his motion in his orbit 
is about 25,000 miles in an hour ; while the moti<m of 
any spot on the protuberant part of his surface, doe to 
the rotation on his axis, is about 26,000 miles an hooi^ 
which motion is more than twenty-flve times as nqpid 
as the rotatory motion of the Earth. His mean dis- 
tance from the Sun is computed at 490,000,000 of 
miles; whereby, if light and heat diminish as the 
distance increases, the inhabitants of this planet receive 
only one twenty-fifth of the light and heat which we 
enjoy. This deficiency, however, is made up in gieftt 
measure by his turning round so quickly a^^ain to the 
Sun, in his rotation on his axis, and likewise by the 
presence of four attendant moons. It is about 1300 
times larger than the Earth. 
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The axis of Jupiter being peq>en(licular to the plane 
of bis orbit, tbe seasons in this planet must reinain 
constant, and the days and nights always of the same 
length. 

This planet, like most of the others, appears larger 
in opposition than in coDJnnction; it being nearer tho 
Earth in the former case than in the latter. In oppo- 
sition he subtends an angle of 46", and in conjutiction 
an angle of 30". His form, as seen through a good 
telescope, is oval; the equatorial diameter being to the 
polar as 13 to 12. The density of this planet is one 
twenty-fourth greater than that of water ; but, never- 
thelees, owing to his vast bulk, it has a disturbing 
inflnence on the bodies of other planets, comets, &c., 
and the force of gravity at his surface is eight times that 
of the Elarth. His orbit makes with the ecliptic an angle 
of about 1|°. 




When this planet is viewed through a telescope, he 
appears to be surrounded by several belts, as may be 
seen in the preceding figure, which are all parallel to 
one another : sometimes these belts are rednced to one 
or two in number, while at other times they amount 
to seven oi eight ; from which it hag been conjectured 
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that these belts are not existent on the body of tbe 
planet, but are caused by certain fluctuations in his tt^ 
mosphere : sometimes they continue without manifest 
ing any change for two or three months, wliile at othat 
times they alter their appearance in the course of ui 
hour. Of these zones^ or belts, the darker parts are also 
supposed to be the body of the planet appearing throi^ 
a luminous, but cloudy atmosphere. 

One of the most remarkable circumstances connected 
with the planet Jupiter is, the existence of four littlt 
moons, which revolve round him in the same way thai 
our Moon revolves round the Earth. The world ow» 
the discovery of these satellites to Galileo : — ^they W€« 
the first fruits of the invention of the telescope, Sac 
which we are also indebted to him. Having perceivdi 
that a convex and a concave lens, placed in certain 
positions with respect to each other, gave an enlarged 
view of an object seen through them^ he conceived the 
grand idea of applying such a combination to the ex* 
ploration of the heavens, by which the limited power 
of the human eye could be augmented. He did so: he 
placed two such lenses in an organ-pipe, which served 
him as a tube ; and thus he constructed the first tele- 
scope which the world ever saw*. On turning this 
telescope towards the planet Jupiter, he perceived » 
small star near him ; and at different times afterwards 
he discovered three others, all near the planet : these 
little stars were found to revolve round the planet ; for 
they would come in front of his illuminated surface, 
travel to one side, pass round behind him, and emerge 
on the other side, just as Venus and Mercury do round 

* See Tomlinson's Manual qf Natural Philosophy^ p. 600. 
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dm Sun. He took them at first for tdaeopic stars, 
that is, stars seen only by means of the telescope. 
It was about the year 1610, when this discovery tool^ 
{dace. 

These satellites may be seen with a telescope which 
magnifies thirty times, or with a considerably lower 
power, if the atmosphere be very pure. They revolve 
round Jupiter in various times; — the first being one 
day, eighteen hours; the second three days, thirteen 
hours: the third seven days, three hours; and the 
fourth sixteen days, sixteen hours:— these numbers are 
a|q>roximations sufficient for our present purpose. Their 
distances from Jupiter are about as follow: — ^first, 
900,000 miles; second 420,000 miles; third, 650,000 
miles; fourth, 1,1509000 miles. These planets are 
about the size of the Earth, some being a little larger 
and the others a little smaller than the Earth; the 
first is about one-third, the second three-fourths, the 
third one-half, and the fourth one-third of the Earth's 
diameter. 

The passage of these little satellites in front of the 
illuminated surface of Jupiter and behind him, has been 
of great service to astronomers : first, in determining 
that light does not pass instantaneously from one place 
to another, however rapid its motion may be; and 
secondly, in laying down the longitude of places on the 
Earth's surface. The satellites can seldom be seen on 
the body of the planet, even with the aid of a tele- 
seope, except just at the time of apparent contact; 
when the satellite, by being somewhat nearer to the 
Sun,— the source of light to the whole system, — appears 
a little brighter than the planet behind \t. TWj ^^^ 
koweveTf aometimea seen as darkisli spota ou ^<&'^C^i;»siA:- 
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nated disk of Jupiter : this has been attributed to die 
existence of spots on the surfaces of the satelUles, 
similar to those which we observe on the surface of oar 
Moon. This opinion is further supported by the faet 
that the same satellite will appear as a luright spot at 
one time, and as a dark one at another ; probably on 
account of its exhibiting a different side to the IRanSi 
at one time from that which it presents at another. 

It is remarkable that all these little satellites resemble 
our Moon, in the circumstance that they revolve on 
their axes, respectively, in the same time that the^ 
revolve round the primary planet Jupiter : this 6ict tuis 
been determined by the same means which enaUe 
astronomers to establish the like fact with respect to 
our Moon, namely, the constant position of certain fspuM 
on their surfaces with regard to the situation of Ju- 
piter, although these greatly vary as seen from the 
Earth ; a consequence of this fact is, that these moonfl 
always present the same sides towards Jupiter. 

As the orbits of three of these are nearly coincident 
with the orbit of Jupiter, it follows that the Sun suffers 
an eclipse, as seen from Jupiter, whenever either of 
these moons is new, or between Jupiter and the Sun : 
this phenomenon can, by the aid of good tolescopes, 
be seen from the Earth, notwithstanding the immense 
distance which separates the Earth from Jupiter: a 
faint shadow is seen to traverse the surface of Jupiter, 
occasioned by the passage of one of his satellites be- 
tween him and the Sun. The eclipses, which are, how- 
ever, most distinctly visible from the Earth, are those 
in which the satellites themselves are eclipsed, by paw- 
ing into the shadow of Jupiter, behind the body of the 
planet: the very short period which they occupy in 
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going round their primary planet, Jupiter, renders these 
eclipses extremely frequent. 

To an observer on the Earth, there is perhaps no 
spectacle in the heavens more interesting. With a 
tolerably good telescope they may be seen distinctly, 
at one time all in the same straight line on one side of 
the planet ; at another, part on one side and part on 
the other, but still in a straight line. If they be watched 
for a few hours they will be seen to change their rela- 
tive positions; and after a while some or other of them 
will pass into the shadow behind Jupiter, and so they 
will become invisible; this is called an immersion. The 
act of coming out of the shadow is called an emersion. 
These are in fact eclipses, or occultations; and they occur 
with great frequency on account of the quick revolu- 
tions of these moons round the planet. The same may 
be said of the transits of the moons over the disk of the 
planet. 

The times of the immersions of Jupiter's satellites in 
the shadow of the planet, and of their emersion, as 
likewise of the transits of these bodies over the face of 
the planet, are given in calendars, devoted to astronomy, 
in order to furnish a means for knowing the longitude, 
or the difference of meridians, on the Earth's surface. 
The times given in the Nautical Almanack, White's 
Ephemeris, &c., are adapted to the meridian of Green- 
wich : so that, if at any other meridian, an observer 
notice an immersion or an emersion of one of these satel- 
lites, or the beginning or end of its transit over Jupiter^s 
disk, to take place one hour, for instance, sooner than 
the time specified for Greenwich, he knows that he is 
15^ west of Greenwich; because the Sun in passing 
round the Earth, must make noon and other con- 

o 2 
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sequent periods of time sooiier to tlie eastern parte 
of the world, than to the western ; and as lie passes 
oyer 15^ of the Earth's surface in one hour, by reason 
that the Earth revolves once on its axis in twenty-^four 
hours^ it follows, that to a person situated 15° west- 
ward, it will be, for instance, only 11 o'clock^ when it 
is noon at Greenwich. If the observer notice the &et 
as occurring one hour alter the Greenwich time, he may 
be sure that he is 15° east of Greenwich. 

Before Jupiter is in opposition, or so long as he 
passes the meridian in the morning, the shadow lies 
west of the planet ; and the inmiersions happen on that 
side : but after the opposition, the immersions happea 
to the east. 

This method of finding the longitude is more or Im 
accurate according to the practice of the observers, the 
goodness of the instrument^ and the correctness of the 
tables. The immersion and emersion of the first satel- 
lite, — ^that whose orbit is nearest to the body of the 
planet, — serves the purpose of the longitude most eflfec- 
tually; the motions of this body being more clear and 
defined than of the others. 

Observations respecting the progressive motion of 
light were first made by noticing these little attendants 
of Jupiter. It had been usual to consider that light 
was sudden and instantaneous in its effects. ^'But 
there is something so strange in the circumstance that 
light, as far as the evidence of the senses is concerned, 
should appear to occupy absolutely no time at all in 
travelling from place to place, that philosophers have 
applied many tests, by which they hoped to ascertain 
whether any portion of time could be estimated during 
its transit from one station to another. All means, 
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howoTer, foiled till about the year 1675, when Romer, 
an eminent Danish philosopher, ascertained that light 
occupies an appreciable, but still very small, portion of 
time in travelling from the Sun to the Earth. The 
.eircamstance which enabled him to determine this im- 
portant fact was, that the eclipses or immersions of the 
four little moons, which revolve round the planet Ju- 
pitar, did not occur precisely at the periods which cal- 
culation had assigned for them ; the variation being 
greater at one period of the year than at another period, 
six months before or after. From this circumstance he 
concluded that when the apparent error was greatest, 
-the light traversed a longer path in coming from those 
little moons to the Earth ; and that so the last gleam 
of light shed previously to a moon's disappearance 
behind the body of the planet, did not reach the eye 
until some time after the commencement of the immer- 
sion; hence, the retardation would of course be in- 
creased, as the di^nce of Jupiter from the Earth 
increased. Reasoning from these data, Romer came to 
the conclusion that the transference of light is not in- 
stantaneous; but that, like every known agent, it 
occupies a portion of time in traversing a certain space. 
Ejiowing the distances of the principal heavenly bodies 
from each other, and testing those distances by the 
apparent retardation of the eclipses of Jupiter's satel- 
lites, Romer computed that light traversed the distance 
from one point of the Earth's orbit to the opposite point, 
in about eleven minutes : subsequent calculations, how- 
ever, have proved this to take place in about sixteen 
and a half minutes ; so that eight and a quarter minutes 
is the time employed by a ray of light in travelling from 
the Sun to the Earth ; which, being a distance of about 
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ninety-five millions of mike, gives, in round nnmbeii^ 
a velocity of nearly 200,000 miles in a second."— loH- 
linson's Manual ofNcttural Philoicphy, p. 395. 

This subject may be well illustrated by reference to 
the following figure. If we suppose that Jupiter is, 
upon an average, about 500 millions of miles firom the 
Sun, and the Earth about 100 millions of miles, {hen, 
if Jupiter be in conjunction, or the Sun be between 
Jupiter and the Earth, the Sun's ra3rs must travel about 
500 millions of miles to Jupiter or bis Satellites^ a&d 
then, after reflexion, about 600 millions of miles back 
to the Earth, or 1100 millions of miles aUqgether; 
whereas, if Jupiter be in oppodtion, or the Earth be 
between the Sun and this planet, the two joumeyB of 
the solar rays amount only to 900 millions of miles, 
which gives the di£ference, in point of time, first notioed 
by Bomer. 

Fig. 39. 




In the preceding figure, let J be Jupiter, e a sateDili 

entering its shadow, and % a satellite emerging from it 

When the Earth is at e, J\v^\t6c i& In opi^tion, \m 

when ihe Earth is at p, tYie ^Awisfc Ha Vn ^«si»j«»rAb 



SATURN. l$d 

h^ the fonner case, the solar rays reflected from the 
fftellites have not so far to travel as in the latter. 

Saturn. 

. Lasty oatmost Saturn walks his frontier round. 
The boundary of worlds, with his pale moons^ 
Faint glimmering through the gloom which night has 

thrown 
Deep-dyed and dead, o'er this chill globe forlorn t 

■ . An endless desert, where extreme of cold 

-. eternal sits, as in his native seat, 
.In wintry hills of never-thawing ice. 
3uch Saturn's earth; and even here the sight. 
Amid these doleful scenes, new matter finds 
Of wonder and delight ! a mighty ring! 

This planet is distinguished from every other body 
I the heavens, so far as discoveries have yet gone, in 
le circumstance of being surrounded by a flat lumi- 
>us ring, extending to a considerable distance from the 
>dy of the planet, in a manner analogous to the 
ooden horizon of an artificial globe. Till within sixty 
safs ago, it was considered to be the furthest of all the. 
ianets; as we find the poet speak of it above. 

Saturn revolves round the Sun in an orbit, the meaniv 
[stance of which from the Sun is about 900 millions of. ' 
liles, about 9^ times that of the Earth from the Sun:^ 
18 diameter is about ten times, and his whole mag-* 
tude about 1000 times, that of the Earth; and the 
m appears to him to have not above -gV^h P^^ of the 
isk^ or area, which he presents to the Earth; conse*^- 
lently, the light and heat received by Saturn from 
16 Sun are less than that received by the Earth in the 
sue ratio. Some persona have computed it to be 
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abent 500 times aa macL as that which is afibided by 
DDT full moon; whereas our sunlight is estimated it 
300,000 times that of our moonlijrht. 




Saturn travels in his oH»t abont 31,000 i 
hoar, and takes np nearljr thirty- yean in paaring flan 
immd the Son. He ivrolTes once on his axia in aboat 
10^ hours. The rerolntion on lus axis prodneeB As 
sane effect as on other planats, namely, flattmiing Urn 
at the poles, and occanoning a protnberaiMe at tiu 
eqnotor : the two diameten have been stated aa hae^ 
about in the ratio oi 2281 to 2061; it ie, howaw, 
lemarkable that the greatest diannetm is not at At 
equator, but at a point nearly mid-way between Aa 
equator and the poles,— this giree to Saturn eamevAMt 
the appearance of a aqnare with rounded cx>mei^ m 
may be obeerred in the figure above. This was one oi 
tile esriieet subjects for discovery with the teleaoopc. 
The density of this planet is about one half that of 
water. His orbit makes an angle of nearly 2^° with 
the ecliptic; that is, this planet may have that latitnde: 
and his axis is inclined to hit orbit at an angle of about 
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60^; which makes a great variety of seasons, though 
these be slow in coming round. His apparent diameter 
is, owing to his great distance, much the same at every 
part of his orbit, and subtends an angle of about 18'^ 
He may be seen in the heavens without the aid of a 
ielesoope, if we know at what place to look for him. 
BEw difk is crossed by obscure zones, or belts, like those 
i# Japiier, which vary in their figure accordii^ to the 
4bi0tkm of the rings. 

^ 'When Galileo first presented his telescope towards 
%lrBm, he perceived what appeared like two small 
Hdte at the sides of the planet; and he thought at 
fint that this planet was made up of three stars. It 
was Boon found, however, that these lateral appendages 
changed th'eii^ appearance, and assumed the form of a 
ring surrounding the planet. If we encircle a ball 
with a flat ring, and hold it in a particular position, 
the ling will appear as nothing more than a lim across 
the ball; but, if we incline the latter a little, the ring 
will appear somewhat oval, or elliptical; and if we turn 
it round a Quarter of a circle from its first position, the 
npg will appear as a perfect circle. Now the same 
thing occurs with regard to Saturn, except that we 
never see the ring as a perfect circle: it is sometimes a 
line, when the eye is in the plane of the ring; and at 
4^er times an ellipse, when the eye is inclined to that 
]dane. The ring does not touch the planet; for a dark 
vacant space can be seen between them : indeed, the 
whole would appear dark, were it not that the Sun's 
light is reflected from it to the Earth: it does not shine 
by light reflected from the planet, but by that which is 
derived from the Sun; therefore there are some posi- 
tions of the Sun, Earth, and Saturn, when the ring is 



202 EXTEUIOR PLANETS. 

invisible to us. The rin^ presents its edge towards IBs 
Earth every fifteen years, twice in the planet's rafft- 
lution, but is seen as an elongated oval between tliMB 
periods: in 1833 it presented its edge towards Ae 
Earth, and will do so again about 1848: at present Ike 
northern surface of the rin^: is visible to the Earth. 

Sir William Herschel made many careful observatioM 
on this ring, and found that it actually consists of tm 
rings, one within another, with a dark space betwaen 
them; the ring was found to reflect a stronger hffiA 
than the body of the planet, and to cast a shadow m 
the planet, thereby proving its opacity* The lafaait 
measurements of this ring are as follow: — 

Exterior diameter of exterior ring • • • • 176,419 
Interior ditto ditto • • . • 165,27S 

Exterior diameter of interior ring . • . • 151^090 
Interior ditto ditto .... II7«33I^ 

E(|uatorial diameter of the body of the planet 79>160 
Interval between the planet and interior ring 19,090 i 

Interval of the rings 1>79I 

Thickness of the rings not exceeding . . • 100 

Some observers have noticed, that not only does the 
entire ring appear divided into tico^ but the outer one is 
likewise subdivided into several concentric rings ; thii^ 
however, has not been confirmed by Herschel and 
Struve, who have examined it with the finest telescopes 
ever constructed. The late Captain Kater, about the year 
1825, examined this planet very carefully, and noticed 
the apparent division of the outer ring into sevenl 
circles, as represented in the engraving. It seems that 
this circumstance had been noticed many years befoie 
by Mr. Short; and it had been considered as first 
settled by the elder Herschel, tliat there wero altoge* 
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ther two rings ; but, according to Kater's report, he saw 
in 1825 not only the two rings, but the outer ring 
appeared to be divided into two parts by a strong black 
line, as at fig. 1, and each part to be subdivided into at 
least two others by fainter black lines, as at fig. 3. A 
drawing made by another person of this appearance is 
given at fig. 2. Great doubt has been expressed rela- 
tive to the fact of the outer ring being thus subdivided. 
Continued observation was interrupted at the time by 
the ring disappearing, in consequence of the Earth 
coming into its plane: but the subject will probably 
not be lost sight of by those who have the best means 
for observation ; and, as the ring is now again expand- 
ing to view, the opportunity is afforded for deciding 
whether the effects noticed by Kater arose from an 
optical delusion, or corresponded with the phenomena 
of the belts and zones, which cross the bodies of Jupiter 
and Saturn. Some astronomers have imagined these 
rings to be a vast assemblage of satellites. They cer- 
tainly serve the purpose of many thousand satellitesr, 
and, together with the seven acknowledged moons, pro- 
bably make up the deficiency in the solar rays coming 
from such an extreme distance. 

Seven satellites, or moons, have been discovered to 
pass in orbits round the planet Saturn. Two of these 
moons, the nearest to the body of the planet, were 
discovered by Herschel with his great telescope. The 
most distant of the satellites is much the largest, and 
the next is a very conspicuous object with a good 
telescope ; the next three are very minute, and cannot 
be seen without very good telescopes, while the two 
innermost have never been seen, except with the most 
powerful and finished instruments made by man. The 
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ring and satellites of Saturn serve, in fact, to test ih 
light and distinctness of telescopes. 

But^ however useful these moons and rings may be to 
the inhabitants of Saturn, they do not, as the moons d 
Jupiter, answer any directly useful purpose to the 
inhabitants of the Earth. Their great distance, and 
the consequent difficulty of seeing them, render them 
nearly useless, with reference to the longitude. We 
leave them, therefore, to act their part as Providence 
has appointed them, though we cannot but gaze upw 
and think of them with astonishment, and admiration 
of the all-surrounding power of the Alniightv. 

One Moon on us reflects its cheerful light ; 
There, seven attendants brighten up the night ; 
Here, the blue firmament bedecked with stars ; 
There, over head a lucid arch appears. 

The ring revolves round the planet in about 10 houn 
and 32 minutes, and in the same plane ; which rapidity 
of revolution gives it a centrifugal force, which koBpit 
at its due distance in equilibrium. 

Uranus. 

From Earth, how large, how strong, the Sun's brjglitttlil 
But seen from thence, how languid and how small I 
When the keen north, with all its fury blows, '. r 

Congeals the floods, and forms the fleecy snows, 
^Tis heat intense to what can there be known ; 
Warmer our poles than is its burning zone : 
Who there inhabit, must have other powers. 
Juices, and veins, and sense, and life, than ours. 

This is the last and remotest planet in the solar 
system, as at present known. It is distant from the 
Sun the enormous quantity of 1800 millions of miles, 
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being about 19 times further ttom the Sun than the, 
E^irth.is; he is about 35,112 miles in diameter, uid 
VTolvea. ruQiid the Son in about 83 jrears and 150 
d*;ys : this ia the j'ear of Uranus. His summer half- 
JMT, therefore, is upwards of 41 of o^i jears, and hi^ 
irinter half-year equally lonj;;. The enrfoce of the Sun 
tf/peara from this planet not above ^th of that which 
K j^Man to the Earth ; the light and heat received by 
Dnooa ate, therefore, smaller in the same piY>portion. 
Banea it is quite impossible that any snch a fluid as 
water oontd exist in that planet, for all would be frozen ; 
and no inhabitants, constituted as the inhabitants of the 
Earth aie. could exist on its surface. Its light from 
the Sun has been estimated at about the qvantity 
which wonld be afforded by 240 of our full moons. 
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SThis plwiet was discovered by Sir W. Ilerechel, at 
Bath, on. the 13th of March, 1781, by means of an 
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excellent telescope constraoted )}j himself, whiQh mag- 
nified several hundred times. The first circomstonee 
which led him to think that it was a planet^ and not a 
fixed star, was that, although it appeared like a stir if 
the seventh magnitude to the naked eye, yet it appeand 
as one of the first magnitude when seen through hit 
telescope. Now one consequence of the immeasonUe 
distances of the fixed stars is, that they do not i^qpetf 
larger when viewed through a telescope than when seen 
with the eye, the only difference being an increase of 
brilliancy. From the circumstance, therefore, oi itB 
increased magnitude, Herschel concluded that iUi 
celestial body was not a fixed star, but a comet; sabse- 
quently, however, he arrived at the conclusion, thai it 
was a planet moving round the Sun : to this conchum 
he was led by observing its continued proximity to ihe 
ecliptic, and its motion among the fixed stars from welt 
to east. 

This planet subtends an angle of about 4^, wludi 
never appears to vary, owing to the comparative small- 
ness of our orbit. Its disk appears uniformly illumi- 
nated, and without rings, belts, or spots. Its bulk is 
however 80 times that of the Earth, and is supposed to 
be not quite so dense as water. The orbit of this planet 
is inclined at an angle of 46' to the ecliptic. 

It is just possible to see this planet with the naked 
eye on a fine clear evening, when the Moon is absent, 
but it has rarely been noticed without the telescope, 
when it appears of a blueish white colour. It is said to 
have been seen before, but to have been regarded 
as a Jia!0d itar, Tycho Brahe, we are told, set it 
down in his catalogue of the fixed stars ; as also did 
Professor Meyer, of Gottingen, in the year VJB6, 
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When discovered to be a planet, Herschel dignified it 
Urith the name of the Georgian Sidus, or Georgian star^ 
Jn honour of his royal patron, George the Third, and by 
tUs name it was known in the Nautical Almanack. 
.Foreign astronomers call it Hersckely from the name of 
its iliscoverer ; but the Royal Academy of Prussia, and 
Mine others, called it Uranus, by which name it is now 
Qioally known. 

At different times Herschel discovered six satellites 
moving round this planet, for the same purpose proba- 
bly as those of Jupiter and Saturn move round those 
bodies ; but these satellites are distinguishable only by 
{he highest telescopic means afforded by art. Two 
were easily marked out by Sir W. Herschel ; but the 
oihersy together with the two innermost moons of 
SiiiQni, are the most difficult objects in the solar system 
to get a sight of. It is considered to be a very re-^ 
mazkable fact, that the planes of the orbits of the 
satellites of Uranus are nearly perpendicular to the 
ediptic, and that the motions of these satellites in these 
OYbits are retrograde^ or from east to west, which is 
Qontrary to the order of the signs : but, owing to the 
▼eiy great difficulty of observing these attendant bodies, 
we have not any decided knowledge respecting their 
masses and motions. 

The discoveiy of this planet and his satellites was 
one of the triumphs of the Reflecting Telescope, thus 
beautifully alluded to by the poet :-— 

Delighted Herschel, with reflected light, 
Pursues his radiant journey through the night ; 
Detects new guards, that roll their orbs afar. 
In lucid ringlets round the Geoigian star^p— Darwiv. 
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CHAPTER X. 

LAW OF ATTRACTIOK OF PLAKET8. POWERS OF KUXSEitl^ 
PBOPOUTIONAL SIZES AKD DISTANCES OF THE PLANC^S* 
CELESTIAL OLOJBE — ITS MOTION AND USES. AMPLITUI^Bt 
AND AZIMUTH. FIXED STARS CANNOT BE MAGNIFIIK 
APPARENT DECREASE OF SIZE BY DISTANCE. ZODIACAL 
LIGHT. CONTEMPLATION OF THE SOLAR SYSTEM. 

There are some important circumstances connected 
with the planets, as a system, to which we most now 
allude. In our second chapter, when speaking of the 
attraction of gravitation, we stated that each hodj 
attracts others in proportion to its mass or quantity of 
matter. Now, one consequence of this is, that a given 
bulk of any substance would weigh differently at tbd 
surfaces of the different planets. That planet which U 
larger will attract a body which is upon its snr&off 
towards the centre, with more force than a pkoet 
which is smaller; and it is this attraction from the 
surface towards the centre which constitutes the whole 
of what we mean by weight: consequently, a given 
mass of matter will weigh more on a large planet ih$s 
on a small one, supposing the density to remain the 
same ; but as we have already seen that the densities 
of the planets vary, the forces of their relative attrao* 
tions must be estimated by the increased or diminished 
density of the mass, as well as by the actual extent or 
diminution of size. 

There has been noticed a remarkable ratio between 
the distances of the planets from the Sun. As we 
shall have to speak of the power of a number, we may 
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as well here state that it means a number mtdtiplied hy 
iudf one or more times. Thus 2' means that 2 is to 
be multiplied into itself twice, or that three twos are 
to be multiplied together. If, now, we call the mean 
distance of - the Earth from the Sun 10, then the 
vmsaa distances of the other planets are nearly as here 
follow : — 



Mercury's distance 

Venus's „ . =4 + 3 



Earth's „ . = 4 + 3X2 . 

Mars's „ . = 4 + 3x2" . 

Asteroids' „ . = 4 + 3X2^ . 

Jupiter's „ . = 4 + 3X2* . 

Saturn's „ . = 4 + 3X2* . 

Herschel's „ . = 4 + 3 x 2«^. 



4 

7 
10 
16 
28 
52 
100 
196 



Nowy we must observe that this tabular law was 
formed by Professor Bode of Berlin, in the year 177% 
before the discovery of the Asteroids and Uranus; and 
tiiat the void occurring between Mars and Jupiter led 
several German astronomers to suspect the existence of 
a planet in that point of space; which surmises re- 
oeived a confirmation by the discovery of the four 
ultra-zodiacal planets at the beginning of this century; 
"vdiile the law itself- had been already confirmed by the 
discovery of Uranus, as a planet, many years before. 

As a curious but faithful illustration of the propor- 
tional sizes and distances of the planets, referred to the 
Sun; we quote the following from SirUohn HerscheL 

"Choose any well levelled field or bowling-greqn. 
On it place a globe, two feet in diameter : this will 
represent the Sun ; Mercury will be represented by a 
grain of mustard-seed, on the circumference of a circle 
164 feet in diameter for its orbit; Yenus, a pea, on a 
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circle 284 feet in diameter; the Eartb, also a pea, cm a 
cirde of 430 feet-; Mais, a rather large pin's head, on 
a circle of 654 feet ; Juno, Ceres, Yesta, and PallaSi 
sprains of sand, in orhits of from 1000 to 1200 feet; 
Jupiter, a moderate-sized orange, in a drde nearly half 
a mile across; Saturn, a small orange, on a- circle of 
four-fifths of a mile ; and Uranus, a full-sized cheny^ 
or small plum, upon the circumference of a circle more 
than a mile and a half in diameter." 

But when the student of Astronomy shall Yultb eome 
to fonn a just estimate of the extent of the aolat sys- 
tem, and the magnitudes of its eomponent maswi^ he 
will yet refer all the members of it, together iriHk the 
other celestial bodies, to the great concave sphere of the 
heavens, on which he will trace their various piA% 
leal and apparent. Hence we arrive at the motiQ^'flid 
uses of the celestial globe ; on which the fizad ilMI 
are laid down in their several constellations, and hf 
which the course of the Sun, and the paths of tin 
Moon and planets among the stars, may be readily and 
conveniently traced. 

For this purpose, the following figure, (fig. 43,) fur- 
nishes the rudiments of the celestial globe ; for, as when 
a person uses this globe, he must fancy himself placed 
at its centre, so, when we direct our attention to the 
great circles of the heavens, by means of which we 
estimate the positions and motions of the heaveiily. 
bodies, we consider the £arth as the central point, aa 
shown in the figure. The axis of the Earth being pro- 
duced both ways, meets the surface of the great sphere 
of the heavens, at p and v. These are the poles of the 
heavens, about which the stars have their apparent or 
diurnal paths, at right angles to the terrestri^ axis, as 
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is seen in the motion of the star at s. If tbe Earth's 
eqtiator, e c, be carried out to the heavens, the great 
dicle thus formed, j;<i, is the equinoctlai. The decli- 
tuttton ciiclea are those which have their centre at the 




centre of the Earth, and which are at right angles to 
the equinoctial ; such as p s M. The use of these 
drcles is to determine the situation of a star, &c. ; 88 
fke' latitude i>{ a place on the Earth's surface is reckoned 
on a meridian. This is the computation for north of 
aonth; and as on the tenestnal globe it ia necessarjr to 
Inow the east or west distance from a meridian, so, on 
die celestial globe, this is noted &om the first ^oiat 4{ 
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ArieSy thus marked, (y*. This compiitetioiii goes on 
eastward round the globe, and is called the stains n^ 

Again, let o be a spot on the Earth's sufiace, then 2 
IB its zenith; the nadir being opposite, on the other 
side. Again, let n b s a be the horizon of o ; then v 
and s are the north and south points, and a and b the 
east and west points. A drcle, z s k, drawn throfugh 
a star, s, from the zenith to the horizon is the azinndi 
<eircle of the star, k s is its altitude, z s its zenith dis- 
tance, and KN its azimuth. 




The anfimuth of an object is the angular distance of 

lihe horizontal point directly under that object, from 

.the north or 80uth points of the horizon. Thus, in the 

j>receding figure, if s be the observer, z his zenith, lEK 

his meridian, nab the horizon, — ^then z a will be the 

yertical or azimuth circle passing through a heavenlj 

body, c, and cutting the meridian at the zenith, z, and 

..also at the nadir, which is exactly opposite to z on the 

^celestial sphere:— zd will be the prime vertical or aad- 
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vjDiutli ciiele passing through the east and west points. of 
^ihe hoiicon : the arc of the horizon, ir a, or c p ajbove^ 
measured in degrees, is the azimuth of the heavenly 
.^sbodj, c, and the arc, a d, is the amplitude of the same. 
'•A consideration of these few particulars will prepare 
-the reader for the study of the celestial glohe. 



. L It is exceedingly curious^ as matter of observation to 
■itbe young astronomer, that the different planets, the 
members of the solar system, admit of being magnified, 
or increased in apparent size, according to the power of 
the instrument with which they are viewed ; while the 
fixed stars, when undergoing the telescopic scrutiny, 
only cease to twinkle, and remain as bright points, not 
at all enlarged to the eye. These are, perhaps, the 
only objects in creation, as far as the range of man 
goes, which, as to apparent size, are unacted upon to 
human vision by a combination of lenses. In the 
cases of other objects, when viewed, the apparent size 
decreases as the distance increases, and vice versd:~^ 
and the use of the telescope is, by bringing the light 
thrown from the body to a focus, to enable us to see 
that body under a larger angle. In the following figure^ 
it is clear that the tree, a b, will appear to an observer 
at B, of the same siz^ as the tree, cd, because both 
eabtend the same angle; whereas, the former tree is 
much smaller than the latter, but stands much nearer 
lo the observer Now, if both these trees stood at the 
same distance from the observer at £, yet, if the tree, 
AB, were observed through a telescope of a certain 
' power, it might be made to appear of the same size as 
the. tree, c d. Hence we may infer that the Sun and 
planets, if removed away to the space occupied by the 
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fixed stars, would appear, if they appeared at all, ovlj 
as luminous points. In £Etct, as each fixed star is 
deemed to be itself the centre of a sjBtem of planets, so 
our Sun is, by parity of reasoning, supposed to be only 
<me of those celestial bodies which we call Jixed gtan. 
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Some of these fixed stars have, as we shall hereafter 
notice, different colours apparently inherent in them- 
selves. It is curious to consider whether our Sun may 
not likewise appear as a coloured star, in those regions 
of the heavens where the fixed stars are situated. 
Herschel seems to think that the Sun must appear to 
the other fixed stars as one of the nehtdottSy or cloudy 
stars ; that is, those which are too small, or too remote, 
to be viewed otherwise than dimly. The cause which 
leads Herschel to form this opinion is the consideration 
of the phenomenon, called the zodiacal light; thus 
termed, because it issues from the zodiac, in the middle 
of which is the Sun s path. This light may be seen 
any very clear evening, soon after sunset, about the 
months of April or May, or at the opposite season 
before sunrise, £is a cone of light, extending from the 
horizon obliquely upwards, and following the course of 
the Sim's path. It is faint and ill defined in this di- 
mate, though better seen in tropical countries ; but it 
cannot be mistaken for any atmospheric meteor, or 
aurora borealis. It seems to be of the nature of a thin 
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atmosphere, suironnding the sun, and extending at least 
beyond the orbit of Mercury, and even of Venus ; and 
it may be conjectured to be no other than the denser 
part of that medium, which, as we have reason to 
believe, resists the motions of comets, and which we 
shall speak of more fully in its proper place. But we 
cannot be said to know much more about the zodiacal 
light, than that it is somewhat similar in appearance to 
the milky way, of which we shall speak hereafter, and 
that it is connected with the rotation of the Sun on its 
axis. .«_ 

Thus have we taken a survey of that part of space 
which is occupied by the Solar System; the grandeur 
of which we may make an abstract of, by referring to 
the language of Chalmers, in his Discourse, entitled 
A Sketch of Modem Astronomy * 

*^ The Psalmist takes a still loftier flight. He leaves 
the world, and lifiis hiiS imagination to that mighty 
expanse which spreads above it and around it. He 
¥niigs his way through space, and wanders in thought 
over its inmieasurable regions. Instead of a dark and 
unpeopled solitude, he sees it crowded with splendour^ 
and filled with the energy of the Divine presence. 
Oreation rises in its immensity before him; and the 
world, with all which it inherits, shrinks into littleness 
at a contemplation so vast and so overpowering. He 
wonders that he is not overlooked amid the grandeur 
and the variety which are on every side of him; and^ 
passing upward from the majesty of nature to the 
majesty of nature's Architect, he exclaims, ''What is 
man, that thou art mindful of him, or the son of man. 



that thou shouldst deign to visit him ? 
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^' It is not for us to say, whether inspiratioii revealed 
to the Psalmist the wonders of modem astronomy; hiit 
even though the mind be a perfect stranger to the 
science of these enlightened times, the heavens present 
a great and an elevating spectacle, — an immense con- 
cave, reposing upon the circular boundary of the worid, 
and the innumerable lights which are suspended from 
on high, moving with solemn regularity along its sir- 
face. It seems to have been at night that the ipieif €f 
the Psalmist was awakened by this contemplation^' 
when the moon and the stars were visible, and not 
when the sun had risen in his strength, and thrown a 
splendour around him, which bore down and eclipsed 
all the lesser glories of the firmament. And there 'k 
much in the scenery of a nocturnal sky, to lift the sonl 
to pious ^contemplation. That moon« and these stan, 
what are they ? They are detached from the world, 
and they lift us above it. We feel withdrawn ftem 
the earth, and rise in lofty abstraction from this little 
theatre of human passions and human anxieties. The 
mind abandons itself to reverie, and is transferred, 
in the ecstacy of its thoughts, to distant and unex* 
plored regions. It sees nature in the simplicity of 
her great elements, and it sees the God of Nature 
invested with the high attributes of wisdom and ma* 
jesty. 

••' But what can these lights be ? The curiosity of the 
human mind is insatiable, and the mechanism of these 
wonderful heavens, has, in all ages, been its subject 
and its employment. It has been reserved for these 
latter times to resolve this great and interesting ques* 
tioD, The sublimest powers of philosophy have been 
called to the exercise, and astronomy may now be 
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looked upon, as the most certain, and best established 
of the sciences. 

^We also know, that eyery visible object appears less 
in : magnitude as it recedes from the eye. The lofty 
vessel, as it retires from the coast, shrinks into little- 
neesy and at last appears in the form of a small speck 
oa. the verge of the horizon. The eagle, with its 
expanded wings, is a noble object: but when it takes 
its flight into the upper regions of the air, it becomes 
less to the eye, and is seen like a dark spot, upon the 
vault of heaven. The same is true of all magnitude.'* 
^\ The heavenly bodies appear small to the eye of an 
inhabitant of this earth only from the immensity of 
their distance. When we talk of hundreds of millions 
of miles, it is not to be listened to as incredible. For 
remember that we are talking of those bodies which 
are. scattered over the immensity of space, and that 
iqpaee knows no termination. The conception is great 
attd difficult, but the truth is unquestionable. By a 
process of measurement which it is unnecessary at pre- 
sent to explain, we have ascertained first the distance, 
and then the magnitude, of some of those bodies which 
roll in the firmament; that the sun which presents 
itself to the eye under so diminutive a form, is really 
a. globe, exceeding, by many thousands of times, the 
dimensions of the earth we inhabit; that the moon 
itself has the magnitude of a world; and that even a 
few of those stars which appear like so many lucid 
points to the unassisted eye of the observer expand into 
large circles upon the application of the telescope; and 
are some of them much larger than the ball which we 
tread upon, and to which we proudly apply the deno- 
mination of the universe." 
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" Did the discoveries of science stop here, we liave 
enough to justify the exclamation of the Psalmist, 
* What is man, that thou art mindful of him; or the 
son of man, that thou shouldst deign to visit himf 
They widen the empire of creation fer beyond the 
limits which were formerly assigned to it. They give 
us to see that yon Sun, throned in the centre of kift 
planetary system, gives light and warmth, and iht 
vicissitude of seasons, to an extent of surface several 
hundred times greater than that of the earth which 
we inhabit. They lay open to us a number of worlds, 
rolling in their respective circles around this vast lomi- 
nary; and prove that the ball which we tread upon, 
with all its mighty burden of oceans and continents, 
instead of being £stinguished from the others, is among 
the least of them; and from some of the more distant 
planets, would not occupy a visible point in the concave 
of their firmament. They let us know, that though 
this mightly earth, with all its myriads of people, were 
to sink into annihilation, there are some worlds, where 
an event so awful to us, would be unnoticed and un- 
known, and others where it would be nothing more 
than the disappearance of a little star which had ceased 
from its twinkling. We should feel a sentiment of 
modesty at this just but humiliating representation. 
We should learn not to look on our earth as the uni- 
verse of God, but one paltry and insignificant portion 
of it; that it is only one of the many mansions which 
the Supreme Being has created for the accommodation 
of His worshippers, and only one of the many worlds 
rolling in that flood of light, which the Sun pours 
around him to the outer limits of the planetary 
system." 
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CHAPTER XI. 

COMETS — HISTORICAL NOTICES OF — THEORIES AND PHE- 
KOMENA OF. ORBITS OF PLANETS AND OF COMETS. 
COMETS OF HALLE Y, ENCKE^ AND BIELA. UNDULATORY 
THEORT OF LIGHT. DIMENSIONS OF THE TAILS OT 
COMETS. 

Comets. 

Amid the radiant orbs, 

That more than deck, that animate the sky. 

The life-infusing suns of other worlds; 

Lo ! from the dread immensity of space 

Betnming, with accelerated course, 

The rushing Comet to the Sun descends; 

And as he sinks below the shading earth. 

With awful train projected o*er the heavens^ 

The guilty nations tremble. But, above 

Those superstitious horrors that enslave 

The fond sequacious herd, to mystic &iih 

And blind amazement prone, the enlightened few. 

Whose godlike minds philosophy exalts,. 

The glorious stranger haiL They feel a joy 

Divinely great; they in their powers exnlt, 

That wcmdrous force of thought, which mounting spurns 

This dosky spot, and measures all the sky; 

While, from his far excursion through the wilds 

Of barren ether, &ithful to his time^ 

They see the blazing wonder rise anew, 

In seeming terror clad, but kindly bent 

To work the will of all-sustaining love : 

From his huge vapoury train perhaps to shake 

Reviving moisture on the numerous orbs. 

Through which his long ellipsis winds; perhaps 

To lend new fuel to declining suns, 

To light up worlds, and feed th' eternal fire.— Thomson, 



222 00UET8. 

There are but few objects in creation, 

more wonder and interest than those comets which 

accompanied by long trains, or tails, of In 

etliereal matter. In the early ages, the most 

gant superstition was connected with the a] 

of these visitors: whole nations seemed to fesl 

they were under a terrible infliction from heaTSBj 

an indescribable awe, which is a general at 

ill-understood or misunderstood phenomena, 

on the subject. Though this feeling has now in 

measure passed away, they are still o'bjects of 

to the uuinstructed; and even those who axe besftr 

formed on the subject, have little better than 

to offer respecting them. ^i 

The principal reasons why comets do not adnnVJ 
being considered as part of the solar system in the 
rank as the planets, is, that they cannot be 
tliruugh their orbits with that certainty which* ftii 
planets can, and that their appearances vary so gniify 
at different times: it has been even doubted by sons 
whether a comet has any solid body at all, like oAv 
members of the solar system. 

If we are to believe the narrations of early writen^ it 
would appear that comets were once seen, greatly eiH 
ceeding in size those which have appeared of late yens; 
from whence it seems that the whole tribe of cometi 
deteriorates, as if, being of an unsubstantial naiuse^ 
they were gradually wearing away in the course which 
they describe in space. In the year 130 b. c, a comet 
was seen so large that it appeared to have the same 
diameter as the Sun. In the year 60 b. c. a laige 
comet was seen very distinctly near the Sun, whidi 
happened at the time to be totally eclipsed^ and 



'I 



I 



COMETS. 225 

thereby made the comet visible. The comets which 
appeared in ]402 and 1532, are reported to have been 
bright enough to be seen in the sunshine of open day. 
In 1680 a comet appeared, which possessed many 
striking phenomena: of this comet, shown in the en- 
graving, we shall speak further on. It had a nudetu^ 
which is considered to be the real comet itself, and this 
was surrounded by an atmosphere, or luminous ring, 
which assumed the appearance of a heard^ called the 
toma^ (from the Latin for hair;) hence the word comety 
—a hairy body. The coma, together with the nucleus, 
make up the head; and, lastly, came a long train or 
taUy which extended to a considerable distance across 
the heavens; according to some accounts as much as 
80°: and this is another remarkable characteristic of 
modem comets, that, together with their star-like 
appearance, their tails have likewise diminished in 
extent. A comet seen in the year 371 b. c, had a tail, 
which extended over 60° of the celestial sphere, That 
which appeared in the year 1618, is said to have cast a 
tail of 104° in extent. 

At the same time it must be observed that the tail 
does not necessarily accompany a comet. Many small 
comets have had immense tails, and many large and 
bright comets have had no tails. The variety is im- 
mense ; for the flock of these celestial coursers seems 
very large, and even countless. Hundreds have been 
noticed in the records of the world ; and, as these are 
ihe largest and brightest seen, it is presumed that many, 
wbich were small, escaped notice. Very many have 
been observed of late, and their number is deemed to 
'be illimitable; for all, which are near the Earthy are 
not always seen, owing to their being on that part of 
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the heavens whicli is above the horizon during the 
day. 

The comets of 1585, 1682, and 1763, had no tals. 
Indeed, the second of these three is described as being 
large, bright, and flaming, with an appearance like that 
of the planet Jupiter. But a comet is reported to have 
been seen in 17^4, which had a tail made up of as 
many as six streams of light, all extending to the dis* 
tance of 30° over the dome of the heavens. 

Very little is known concerning the nature of comets: 
some have asserted that stars have been seen throuj^ 
the nucleus or head of a comet; this, however, is 
doubtful, as it is more probable that the liorht from the 
star is refracted through the surrounding atmosphere of 
the comet. It seems a more rational conjecture that 
the body of the comet is opaque ; but that, when it 
approaches so near^ as some of them do, to the Sun, 
all the substances which are vaporizable on its surface 
are converted into vapour, and form an immense atmo- 
sphere round it. This atmosphere, on account of the 
great velocity with which the comet moves, becomes 
left somewhat behind, and may, perhaps, furnish an 
origin for the coma, or the tail. Sir Isaac Newton 
supposed that the tail of a comet arose from a thin 
vapour elicited from the comet by the heat of the Sum 
Another opinion is, that comets serve the purpose of 
bringing back to the planets of our system the electrical 
matter which they constantly throw off: it must be ad# 
mitted, however,* that all is pure conjecture on this 
point. It has been urged by those who advocate the 
hypothesis, that the body or nucleus of the comet is 
opaque, that it exhibits phases similar to those of the 
Moon, when viewed in different directions; but this 
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jtgain IS denied, for some comets have been watclied, 
when about to cross over the disk of the Sun, and no 
spot was discoTerable upon that luminary. The comet 
of 1680 approached so near to the Sun, that Newton 
estimated that it was exposed to a heat two thousand 
times greater than that of red-hot iron. Newton fur- 
ther conjectured that comets were bodies which gradu- 
dually approached nearer to the Sun, and finally fell 
upon it, and might thus repair the waste supposed to 
occur from the continual emission of light and heat 
from the Sun. The discovery of the elliptical orbits of 
comets, however, deprives this hypothesis of much of 
its value. 

But, in order to come to some definite opinion about 
{he nature or substance of thb class of the heavenly 
host, we have to state that all comets, especially those 
of modem observation, present a vaporous sort of sub- 
Stance to terrestrial gaze. Their mass becomes denser 
towards the centre, which appears like a stellar point ; 
and the light, whether encircling this point as a coma, 
or streaming from it as a tail, seems to have, as it were, 
the texture of the aurora borealis, and like the latter, 
to allow of the appearance of the stars through its filmy 
snbstance. The more prevalent opinion then, at pre- 
sent, respecting the nature of these beings is, that they 
are of a flimsy character, and that they are gradually 
absorbed by the Sun when they come into his neigh- 
bourhood : whence it is that every remarkable comet, 
whose re-appearance has justified the expectations of 
mankind, has disappointed the crowds who have sought 
to gaze upon the strange visiter in the skies. Its spare 
and attenuated aspect has made us wonder what our 
forefathers of old saw to fear, and to be astonished at ; 
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for if astronomers had not told ns when and where to 
look for them, we should not be awaxe of their pre* 
sence. 

Comets have great variations in size during the time 
they are visible. Sometimes they appear as hmi 
objects in the distance, but enlarge by degrees, aid 
throw out a tail, and so increase in brightness and 
extent till they become lost in the light of the Sun. I( 
during the time of the comet's doubling the Sun, (so to 
speak,) it lose any of its substance, it seems usually to 
gain in brightness; the sun-beams seem then meet 
chiefly to promote the splendour of the tail, until the 
comet, having receded far away from the Sun, disap- 
pears like a spirit of ether. 

In speaking of the orbits of the various planets, ire 
always refer them to the Earth's orbit as a standard by 
which their directions in the heavens can be under- 
stood ; and we say that an orbit is inclined a certain 
number of degrees to the ecliptic, or Earth's orlMt, 
according as the two orbits deviate much or little fix)m 
coincidence with each other. Now it so happens that 
the orbits of all the planets deviate but a very few 
degrees from each other, while the orbits of the various 
comets which have been observed, deviate from the 
direction of the Earth's orbit by angles of almost every 
amount. A right angle is the largest angle that can 
exist between two lines, or two planes, and it is found 
that the orbits of the comets form almost every kind of 
angle with the ecliptic, from degree (or coincidence) 
to 90 degrees (or a right angle): this then is one circum- 
stance in which comets dilBfer greatly from the planets. 
Another point of difference is the form of their orbits; 
the orbits of the planets are in reality elliptical, but the 
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ellipticity, or the eccentricity, — ^tliat is, tlie amount of 
difference between the circular and the elliptic form,— - 
is so small, that the planetary orbits differ but very little 
torn circles. Such, however, is not the case with the 
orbits of the comets ; they are, for the most part, 
exceedingly long, or very eccentric, ellipses ; indeed, it 
was for a long time doubted whether their paths were 
ellipses at all, or whether they were real orbits. This 
we must explain. There are two curved lines called 
parabolas and hyperbolas, to which we may obtain a 
rude resemblance by considering a bee- hive turned 
upside down ; they terminate at two ends, and do not 
meet again at any point so as to form an orbit. Now it 
is susceptible of proof, that, if two of the heavenly 
bodies were situated in space, and acted on each other 
by the attraction of gravitation, one of them might 
have such a velocity and direction of motion given to 
H, as would make it describe a circle round the other 
body ; or that, by altering the direction and velocity, 
the body might be made to describe either an ellipse, a 
parabola, or a h3rperbola : in the latter two of which 
eases, it would never return again to the spot from 
whence it set out, but would continue travelling on 
through space for ever, unless acted on by some of the 
bodies in or near its path. 

The question of the orbital motions of comets is 
referrible to that part of mathematics which is termed 
the " Conic Sections." The figures obtained by these 
sections, or divisions, of a cone, are five. If we take a 
eone, usually compared for shape to a sugar-loaf with 
a sharp top, and divide it by a line parallel with the 
base, the figure obtained by this division is a circle. If 
we divide it from the top vertically downwards, the 
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figure is a triangh. These two figures are, however, 
not taken into account in this department of science, 
but belong to common geometry. The third section is 
an eUipsCy made by cutting the cone from side to side 
obliquely into two parts. The fourth figure is a par^ 
Lola, made by dividing the cone in a direction parallel 
with one of its sides : and the fifth figure is the hyper- 
bola^ made by dividing the cone in a direction parallel 
with its axis, which is a line descending from the ver- 
tex, or top, to the centre of the base. 

But there were also circumstances which rendered 
untenable the opinion, that all comets moved either in 
parabolic or hyperbolic orbits. Comets appeared after 
certain intervals, which presented exactly the same 
features, as to shape, position, and distance from the 
Sun, as some which had preceded them ; and, by cer- 
tain calculations, it was proved that a comet, moving 
vdth the same velocity as an observed comet, would 
perform a certain revolution in a certain time, and that 
time was fo«ind to correspond with the interval between 
the appearances of the same comet : this combined 
process of calculation and observation was applied to 
several comets; and the result being successful upon 
certain occasions, it is now considered as proved that 
some comets move in elliptical orbits about the Sun. 
When, therefore, we say that the comet which was 
visible in 1835 was the same which Halley saw a 
century and a-half ago, we mean that a calculation, 
founded on the observed motion of that comet, is found 
to be correctly predictive, on the supposition that the 
orbit of that comet is elliptical. 

What may be the whole number of comets circulating 
round the Sun, we are totally ignorant: about 150 
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have been observed with sufficient attention to mark 
the rates of their motion, their obliquities to the 
ecliptic, and other particulars, which come under the 
general name of the elements of a comet. Out of this 
Bomber, however, there are but three whose returns, 
after certain periods, have been correctly predicted. So 
T4gue and unsatisfactory is the knowledge which we 
possess of these bodies, that only three out of the 
thousands which probably exist in space, have returned 
t(D particular spots in the heavens, at times which had 
been foretold. These three are named after the astro- 
nomers who calculated the periods of their return,— 
Halley, Encke, and Biela. 

In 1531 a comet appeared, of which the velocity of 
motion, and other particulars, were noted. In 1607 
another appeared, which presented similar features to 
the former. In 1682 Halley, the great astronomer, 
observed a comet which presented nearly the same 
features as the two former. Now there is an interval 
of about seventy-six years between these eras, and 
Halley thought it probable that there had not been 
three different comets visible in those three years, but 
that they were successive appearances of the same 
comet. On calculating the extent of its orbit, he came 
to the conclusion that it would complete a revolution 
about the Sun in about seventy-six years, and he boldly 
predicted its return in about 17^7* It did not appear 
in that year, but in 17^9; and the retardation is con- 
sidered to have been due to the action of Saturn and 
Jupiter upon its mass, when near those planets, whereby 
it was delayed in its journey as much as 618 days. 
This eflfect. from Saturn and Jupiter was foretold by 
the French astronomer, Clairaut^ who fixed the time of 
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its coming to the perihelion^ the nearest part of its paih 
to the Sun» The event proved his correctness withni 
one month. It again appeared in the autumn of 1835, 
forming a period of about seventy-six years from tb 
preceding appearance. There is reason to believe that 
an appearance of this comet can be traced back as fit 
as 130 years b. c. ; and that it is the same comet thii 
was seen in the years 323 and 399, when it v^as di- 
scribed as being of vast magnitude an^ horrible asped. 
This is also supposed to be the comet which appeared 
in 550, 855, 930, and 1006 ; in which hitter appeal- 
ance, its nucleus is reported to have been four times as 
large as the planet Venus. It was seen in 1230, 130S, 
and 1380, and again in 1456: at this last visit it was 
accompanied by a tail, which extended over sixty de- 
grees of the heavens, and gave rise to so much tenor 
and consternation, that Pope Calixtus ordered prayen 
to be offered up from all parts of Christendom, for the 
removal of the comet and its malign influences. The 
Turks were engaged at this time in a successful wtt 
against Greece ; and when Europe was fearing noihii^ 
less than subjugation at the hands of the victorioof 
Turks, this comet, having a tail in the form of a Tnrkidi 
sabre, was regarded by the tribes of the West as the 
emblem of Divine vengeance. After this, its appea^- 
ances and progress are regularly recorded to the present 
times. In the sixteenth century, it is said to have 
displayed a fine gold colour. Halley, in 1682, describes 
it as being as large and bright as Jupiter, with a tafl 
of 30^. The inclination of its orbit to the ecliptic is 
about 17i°. In 1835, the length of its tail to the 
naked eye was about 6°: with a telescope it appealed 
larger. 
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Encke's comet performs its revolution round the Sim 
in about 1208 days. This comet had been observed in 
1789, 1795, 1801, and 1805, and had presented various 
aspects to an observer ; sometimes being accompanied 
by a tail, and sometimes not. When it appeared in 
1818, Encke, professor of astronomy at Berlin, deter- 
mined the period of its revolution as given above, and 
predicted its return in 1822. It returned in that year, 
but was not visible in England ; at Paramatta, in New 
South Wales, however, it was seen : it appeared again 
in 1825, 1828, 1832, and 1835. It was visible with a 
good telescope between August and December of last 
year. 

The orbits of these comets are elongated ellipses; 
which may be strikingly illustrated by the orbits of 
Encke's and Halley's comet. When the former is 
nearest to the Sun, it is within the orbit of Mercury; 
that is, nearer to the Sun than any of the planets; but 
when it is at its aphelion, or greatest distance from the 
Son, it nearly approaches the orbit of Jupiter, which is 
thirteen times as distant as Mercury is from the Sun. 
Hence, the aphelion^ or furthest part of this comet's 
orbit from the Stm^ is ten times more distant from the 
Son than the perihelion. Halley's comet, when in peri- 
helion, was between Mercury and Venus ; in aphelion, 
it is twice as far off as Uranus. 

The three comets of which we here speak are regular 
members of the solar system; for they moVe round the 
Sun, as their focus, in accordance with the law of gravi- 
tation. The inclination of the orbit of Encke*s comet 
to the plane of the ecliptic is about l^°; and it moves, 
like the planets, from west to east. 
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Its present appearance is like that of a small round 
nebula, without any taiL It is rather brighter at the 
centre than at the edges ; but still its light is so faint, 
that it is not seen -without difficulty. It does not influ- 
ence any other body of the solar system ; but itself 
suffers some perturbations from the attractions of the 
planets. Hence we infer that this, like most of the 
other comets, is little more than a vaporous globe of 
matter, without any specific solidity. 

This comet would be comparatively insignificant, but 
for the aid which it affords in establishing the nndular 
tory theory of light. According to this theory, space 
is considered to be filled, apart from the atmospheres of 
planets, with an extremely rare medium termed etker^ 
by the undulations of which light is propagated. This 
medium, though offering no sensible resistance to the 
motions of the planets, was thought to be likely, if 
existing, to impede to a certain extent the passage of 
so airy a thing as a comet. Accordingly, Professor 
Encke, having calculated the return of this comet upon 
the consideration of the vacuum of space, the actual 
time of the comet's return differed two days from the 
calculated return, in consequence, as asserted, of a resist- 
ing operation upon the motion of the comet in its path. 
But the ultimate effect of this retarding influence was 
discovered in hastening, not in deferring, the time of the 
appearance of the comet ! for, as the all-pervading ether 
caused the comet to advance somewhat more slowly, the 
centrifugal force of the comet was diminished, whereby 
the solar attraction for it was increased ; so that, by 
being drawn gradually nearer to the Sun, the time for 
its completing its revolution is, in consequence, dimi- 
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nished. In the course of time, therefore, this comet 
must fall to the Sun. Like reasonings have been made 
to apply to other comets, and also to the Earth and 
the other planets, in order to convey to our minds the 
great moral lesson, that cdl things have an end. The 
Psalmist thus addresses the Almighty, (Ps. cxix. 96,) 
" I have seen an end of all perfection, but thy com- 
mandment is exceeding broad ;" implying thereby, that 
all created nature is bounded by limits which, howr 
ever wide, are within the grasp of the Maker of all 
things. 

Biela's comet had been noticed in 177^ ^^cl 1806, 
and when it appeared in 1825, Biela, a German astro- 
nomer of Josephstadt, calculated the period of its 
revolution, and predicted its return in 1832 : — this pre* 
diction was fulfilled, and the period of the revolution 
of this comet is considered to be established at 2440 
days. Its last appearance was in 1832. It is spoken 
of as a small, insignificant comet, without a tail, or 
any appearance of a nucleus. The inclination of its 
orbit to the ecliptic is about 13^°; and so near does 
its path approach that of the Earth at the intersec- 
tion of the planes, that it is considered that, in 1832, 
if the Earth had been one month in advance of its 
annual journey, it would have passed through this 
comet. 

These are the only comets of whose periods we have 
any certain knowledge. There are, however, two 
others whose periods have been stated ; but the times 
are not yet arrived for testing the accuracy of the pre- 
dictions. One of these comets appeared in 1264, and 
again in 1556 — an interval of 292 years; and it is 
expected again in 1848. The other comet, seen in the 
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eDgravuigy was observed by Newton in 1680, and. he 
predicted its return in 575 years: a long period must 
therefore elapse before the truth of this calculation, <ff 
conjecture, can be verified. The tail of this comeii 
which is several times noticed in history, was of sucli 
vast extent, that when the head of the comet was in 
the horizon, the extremity of its tail was in the zenith. 
This observation was made at Constantinople. Of such 
sights as these, well might Dr. Young say- 
Hast thoa ne*er seen the comet's flaming flight! 
The illustrious stranger passing terror sheds 
On gazing nations, from his fiery train, 
Of length enormous. 

A remarkable comet appeared in the year 177^) 
which was found to revolve in a period of about five 
years ; but the prediction of its return was not verified, 
in consequence of its getting too near the satellites of 
Jupiter, which, though undisturbed themselves by the 
comet, so deranged the motions of the comet as to 
thrust it from its original path, and it has never been 
seen again. If this be correct, it shows that the mass 
of the comet is spare indeed. The comet of Encke is 
observed to grow less as it approaches the Sun, and to 
amplify at its departure from the solar presence; owing, 
it is said, to the vaporizable matter being converted 
into gas. 

The tail of the splendid comet of 1680, noticed by 
Newton, 120,000,000 miles in length, was observed to 
issue forth from the head of the comet in two days. 
This tail, being opposed to the Sun, is supposed to have 
been caused by the Sun to be emitted. The tail of 
the comet of 1 769 was 48,000,000 miles in length, and 
that of 1811 was 108,000,000 miles in length. 
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The diameter of tlie body of this last was 50,000 
miles. It is thought that the matter of the comets is 
discharged at their tails, by the agency of the Sun; 
and that the gravitating power of the comet is not suf- 
ficient to re-collect it. 
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CHAPTER XII. 

FIXED 8TAHS. GENERAL PARTICULABS. POSITIONS 
HEAVENLY BODIES. HOW iTO DESCRIBE OR F 

THEM. CLASSIFICATIONS AND DISTINCTIONS OF ST. 
THEIR PARALLAX. LUNAR DISTANCES, AND THE I 
GITUDE. THE GALAXY, OR MILKY WAY. DOUBLE j 
TRIPLE STARS, &C. NEBULiE. STARS CONSIDERED 
BE SUNS. POLE-STAR. CONSTELLATIONS OF THE OR. 
AND LITTLE BEARS, &C. THE CROSS. SIDEREAL E 
OCCULTATIONS. SHOOTING STARS. 

When I behold this goodly frame, this world. 
Of heaven and earth consisting, and compute 
Their magnitudes, this earth, a spot, a grain. 
An atom, with the firmament compared. 
And all her numbered stars, that seem to roll 
Spaces incomprehensible (for such 
Their distance argues, and their swift return 
Diurnal) merely to officiate light 
Around this spacious earth, this punctiml spot. 
One day and night, in all their vast survey 
Useless besides ; reasoning I oft admire, 
How nature, wise and frugal, could commit 
Such disproportions, with superfluous hand. 
So many nobler bodies to create. 
Greater so manifold, to this one use, 
For ought appears, and on their orbs impose 
Such restless revolution day by day 
Repeated, while the sedentary earth. 
That better might with far less compass move. 
Served by more noble than herself, attains 
Her end without least motion, and receives. 
As tribute, such a sumless journey brought 
Of incorporeal speed, her warmth and light ; 
Speed, to describe whose swiftness number fails. 
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The sublimity and beauty of the starry Heavens is 
such a common subject of remark, that we need not 
stop to expatiate on it ; but we wish to treat of some 
matters connected with the stars, which have not 
hitherto engaged our attention. 

The stars appear much more numerous at first sight 
than they are found to be on reckoning those which are 
visible : this is occasioned by the glittering and twink- 
ling, and the apparent confusion in which they seem 
mingled together. They have been, as we before stated, 
clustered into constellations, which are known by cer- 
tain names; but besides this, they are divided into 
classes, according to their magnitvdeSy the number of 
recognised magnitudes visible without a telescope 
being seven; which is continued, with the aid of 
powerful instruments, up to the sixteenth. It is, how- 
ever, necessary to remark, (and nothing can give such 

Fig. 47. 
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MAGNITUDES OF THE STARS, FROM THE FIRST TO THE SBVENTHy AS 
DSUAIXY MARKED ON CELESTIAL MAPS. 

a striking proof of the immense distance at which they 
are placed from the Earth,) that, although we speak of 
ma^itudes, the stars have really no appreciable magni- 
tude at all: they did not appear larger through Sir W* 
Herschel's telescope, which magnified 6000 times, than 
they do to the naked eye; but they appear much 
brighter when viewed through a telescope ; sometimes 
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too blight to be gazed upon withont pain to the eye, as 
we are told is the case "when Sirins, the brightest of the 
fixed stars, appears throng a telescope. It is, there- 
fbie, more properly speaking, by the M^kiiMis that we 
compare different stars, and not by the magnitude. 
Every star appears through a telescope to be a mere 
point of light, without appreciable diameter; and this 
is one of the circumstances which have baffled all the 
attempts of astronomers to estimate their distances. 

The fact of the impossibility of magnifying the fixed 
stars, together with that of their affording no sensiUe 
parallax, has hitherto put it out of our power to do 
otherwise than surmise their distances. The only use 
of the telescope, with reference to the fixed stars, is to 
penetrate more and more into space, and bring out, as 
it were, still greater numbers of them; so that the 
quantity of them seems infinite : for they multiply and 
spring forth, as optical aid is increased. Hence two 
things are clear : first, that what we call ma^itude U 
only apparent, being referred to the power of the eye 
and telescope ; secondly, that magnitude depends upon 
distance, size, or actual quantity of light^ each or all 
combined. 

About 50,000 stars have been catalogued ; that is, 
their celestial latitudes and longitudes are entered, just 
in]the same way as the position of a place on the Earth's 
surface. It is observable, however, that a different 
mode of proceeding is here adopted from that which is 
employed in terrestrial measurements. We have stated 
that the ecliptic is the path in the heavens, in which 
the Earth moves round the Sun, or in which the 
Sun appears to move round the Earth. This circle 
in the heavens is the place from which celestial lati- 



POSITIONS OF HEAVENLY BODIES. 5241 

tildes are measured, in the same way as the Earth s 
equator is the beginning of terrestrial latitude. The 
positions of the stars are referred to this circle by such 
kinds of expressions as are used with respect to places 
on the Earth ; — ^that is, a star being north or south of 
this line, has such or such latitude. As terrestrial lon- 
gitude is measured on the circle which forms the 0, or 
Eeato of latitude ; so, in like maimer, is celestial longi- 
tude reckoned on the ecliptic, which is the 0, or zero 
of celestial latitude* But a point of commencement is 
necessary here, as well as on the Earth's surface; and 
the point chosen, is the vernal equinoa, or one of the 
points in which the celestial equator cuts the ecliptic: 
—a point which, as we have ssdd before, is called the 
first point of Aries. From this point then, the longi- 
tudes of the stars are reckoned ; and when the latitude 
is previously known, we can designate the position of 
any star in the heavens, by this double mode of com- 
paring its position with regard to the ecliptic. 

For some astronomical purposes, it is deemed more 
desirable to refer the position of a heavenly body to the 
celestial equator, instead of the ecliptic. The celestial 
equator is sometimes termed the eqtdnocticd^ from the 
circumstance, that, when the Sun appears in it, the days 
and nights are equal all over the world ; and it is a 
circle supposed to be formed, as we said before, by the 
extension of the Earth's equator to the concave of the 
heavens. The distance from the celestial equator to the 
pole-star, is supposed, as on the terrestrial globe, to be 
divided into 90® ; and, according as any heavenly body 
is situated north or south of the equinoctial, it is said 
to have a north or south declination. The east or west 
position of the heavenly body, considered with refer- 

1B. 
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ence to the equinoctial, differs from longitude as reck- 
oned on the ecliptic, in two ways : 1st. it is called riffJU 
ascension, and not longitude: 2nd. it is usually reckoned 
in hours, instead of in degrees. The point from which 
the right ascension is reckoned, is the same as with the 
longitude; viz., the first point of Aries : so that, if the 
Sun be exactly at the opposite part of the heavens from 
the first point of Aries, he is said to have twelve honia 
of right ascension; twelve hours being equivalent to 
180^ : such a position takes place on the 2l8t of Sep- 
tember, when the Sun enters libra, which is diame- 
trically opposite to the sign Aries. 

By these two methods, the position of any heavenly 
body, whether Sun, Moon, Planet, Comet, or Fized 
Star, can be determined, and described with as much 
exactness as the position of any place on the Earths 
surface. The situation of any heavenly body, with re- 
spect to a particular place on the Earth, is determined 
by its altitude and azimuth; but its situation, in regard 
to the heavens in general, is determined by its declina- 
tion and right ascension, or by its latitude and lon- 
gitude. 

Besides the classification of the fixed stars into con- 
stellations, it is customary, in order to distinguish one 
star from another, in any one constellation, to attach 
letters, one to each star, by which they shall be known. 
The letters of the Greek alphabet are used for this pur- 
pose ; and, when they are all exhausted, numerals are 
employed, at least for the stars of small visible magni- 
tudes. Thus, there is a star marked y in the constella- 
tion, called Draco, or the Dragon, near the North Pole. 
This star comes once every day, almost precisely into 
the zenith of London, or immediately overhead: this star 
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has of late years engaged much of the attention of 
astronomers, with the hope of obtaining^ by its means, 
some indications of the distance at which the stars are 
situated from the Earth. For this purpose, there was 
erected at Greenwich, about five years ago, a zenith- 
micrometer. A micrometer, as the word by its deriva- 
tion implies, is an astronomical instrument for mectsur' 
ing small angular distances. The object of this instru- 
ment, which was twenty-five feet long, was to measure 
the angular meridian-distance from the zenith of the 
star y Draconis, at different times of the year^ or at dif- 
ferent parts of the Earth's orbit, which is the same thing. 
A variation in this angular distance at the lapse of six 
months, would have proved an annual parallax* : — ^but 
this the observers at Greenwich failed to discover, and 
the subject remains as it was before. If the observers 
had succeeded in detecting a parallax of only one second 
of a degree, it could have been proved by calculation 
that this, or any other of the fixed stars, could not have 
been distant from the Earth, less than 19 billions of miles. 
In order, therefore, that astronomers may know this 
star when spoken of, it is called y Draconis^ that is, the 
star in the constellation of the Dragon^ which is marked 

* The question of parallax was first studied by Hipparchus, 
who flourished about 160, B.C. He was^ first led to it by 
observing the difibrent apparent positions of a tree which he 
saw on a plain. He also first discovered that the interval 
between the vernal and the autumnal equinox is seven days 
longer than between the autumnal and vernal, occasioned by 
the eccentricity of the Eai-th's orbit. He divided the heavens 
into constellations. He taught the use of longitude and lati- 
tude, afterwards employed by Ptolemy. He likewise laid the 
first foundations of trigonometry, and made a calculation of 
eclipses for 600 years. 
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by the Greek letter 7. Some of the stars which are 
distinguished for their superior brilliancy, have particu- 
lar names attached to them ;-— >snch as Sirius, in the 
right shoulder of the constellation Orion; Bigel, in his 
left foot; Arcturus, &c. 

The principal fixed stars, which lie within a eosh 
venient distance of the Moon's path, are nsed for tak- 
ing Lunar distaneeiy in order to enable mariners to de- 
duce their longitude. The distances of particolar stus 
from the Moon, at certain regularly lecnrring times, when 
the Moon is visible, are calculated at Gie^iwidi, and 
set down for some years in advance accor^ng to Gieea- 
wich time. As the motion of the Moon is quicker than 
that of any other heavenly body as se^ifirom the Eaith, 
these lunar distances soon change. If then a person on 
the ocean wishes to know his longitude, and he findi^ 
for instance, that on such a day and hour, aocordiDg to 
the Nautical Almanack^ such a particular star is so many 
degrees distant from the Moon, but that this lunar dis- 
tance occurs, as seen from the ship, an hour sooner than 
the Greenwich time : — ^in this case, his longitude is 15° 
W. If the recorded distance had occurred an hour later, 
his longitude would have been 15° E. 

The stars beyond the 7th magnitude are called tde- 
scopic stars. Those, which are visible to the naked eye 
at any one time, are supposed not to exceed 2000, not- 
withstanding the countless assemblage which appears 
to be present. This results from a sort of optical delu- 
sion, whereby the eye is disconcerted by the apparent 
want of order; but, with the telescope. Sir William 
Herschel computed that a small portion of the heavens, 
not exceeding 15° in length, by 2° in breadth, exhibited 
not less than 50,000 stars, from which it has been cal- 
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culated that the same instrument would make visible 
in the whole starry sphere, not less than 75 millions of 
stars ! The mind shrinks within itself at the contem- 
plation of such a vast array, — and still more, when it 
is considered that this number is limited by the imper- 
fection of human contrivances; for there can be no 
doubt, that, if our telescopes were more powerful, tho 
number of visible stars would be greatly increased. 
This observation may refer to that thin gauzy band of 
light, which seems to surround the dome of the heavens 
on a clear evening, when the Moon is absent. It has 
the name of the Galaxy y or Milky way. By the power 
of modem instruments this has been shown to be a vast 
congregation of stars so small, or so far off, that to an 
observer on our Earth they present only, by their asso- 
ciation, a dim zone of light. The elder Herschel ob- 
9erved about 600 stars in his telescope at the same time^ 
and they continued as numerous for a quarter of an 
hour. He reckoned up in one portion of the Milky 
way, about 250,000 stars. 

The stars are always spoken of as h&sig fixed; and 
if we regulate our expressions by the analogy of general 
movements, they are certainly fixed ; but astronomers 
have of late years seen reason to believe that a very 
minute motion may be detected in some stars; that is, 
ihat a certain group of stars does not present the same 
relative distances between the stars of which it is formed 
at one time, as at another. These quantities of motion, 
or of difference, are, however, so inconceivably small, 
that they belong to the refinements of astronomy, and 
need not be discussed here* 

But we have now to notice a very remarkable cir- 
cumstance, which seems to afford evidence that thct 
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stars are luminaries like our Sun, and have planets re- 
volving round them; that each one 

Informs a system in the boundless space, 
And fills with glory its ap pointed place. 

When the stars are observed with close attention by 
means of a good telescope, many of them are found to 
be double; that is, to consist of two smaller stars, the 
dark division between them being too faint to be dis- 
tinguished in an ordinary observation. In some in- 
stances, this may occur from one star being almost 
directly behind another; and though at an immense 
distance off from the first, yet seeming to our vision to 
lie in the same line ; but, in other instances, it is found 
that one star revolves round the other, or the two re- 
volve round some point situated between them. Very 
little was known on this subject until of late yeais, 
when Sir William Herschel, and afterwards Sir J. 
South and Sir John Herschel, distinctly showed thai 
such a revolving motion was perceptible: at one time 
the satellite, or smaller of the two stars, would disap- 
pear, as if it had passed round behind the other in the 
course of its motion, just as Jupiter or Venus is some- 
times invisible to us, on account of being on the oppo- 
site side of the Sun; or the satellites of Jupiter, by 
passing round the body of that planet. There is a 
double star, marked | in the right hind foot of the con- 
stellation called the Great Bear^ in which the two com- 
ponent stars revolve round each other in about 60 years ; 
so that nearly a whole circuit has been performed since 
its discovery in 1 781 . About 3000 of these double stars 
have been observed, and formed into a catalogue, in which 
their positions, with respect to latitude and longitude, and 
the relative positionsjof the two component stars of each, 
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are entered with great exactness, in order that future ob- 
servers may have the means of comparing the different 
appearances of these stars at different times. 

In about fifty instances the stars have been found to 
be triple^ or three stars revolving about a common 
centre. In some cases four, and even five stars have 
been detected revolving in this way; thus furnishing a 
further analogy to the composition and relative action 
of the different bodies which form our own system. 

Another peculiar appearance which presents itself in 
the heavens are nebulcB^ which are dim, whitish, cloudy 
patches, observable at some parts of the firmament. 
When examined with a powerful telescope, many of 
Ihem are found to consist of clusters of very minute 
fitars^ so thickly studded together, that the light of all 
is combined into one faint sheet, as it were, of light, 
and thus presents the thinly-luminous appearance by 
which the nebulsa are distinguished. In other instances, 
however, the most powerful telescopes have been unable 
to separate the nebulsB into stars, or clusters of stars; 
but the whole maintains the same thin and milky 
appearance, whether seen with or without the aid of 
the telescope. In this latter case, it is supposed that 
the nebulas are formed of clusters of stars as in the 
former case; but that they are so extremely distant, 
that the light they shed is unable to reach the eye, 
except in a combined form from the whole of the 
nebulsB taken together. Some of these nebulas appear 
like a faint luminous atmosphere surrounding a star of 
some brilliancy. Sir William Herschel has left descrip- 
tions of about 2000 nebulas, which he observed at 
different parts of the heavens. 

It is considered to be probable, that the fixed stars 
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are suns, having planets revolving round them in the 
immensity of space; and it has been observed, that 
there are stars of all the colours of the spectrum. The 
stars are usually discovered by the eye from planets by 
their twinkling, which arises, probably, from some 
unequal refraction of light, in consequence of the dis- 
tance of its path. There are stars seen now in the 
heavens which did not appear formerly, and many have 
disappeared, which are recorded as shining vnth. hair 
liancy in former ages. Some stars appear and disappeu 
alternately; of others the magnitude and brilliancy m 
variable. 

When we come, therefore, to consider the vast dis- 
tance of the fixed stars with the progressive, though 
rapid, motion of light, it is quite clear that many stan 
which now appear shining, may have been annihilated 
long ago, and that the last beams which they shed mi^ 
take years in reaching this earth. If our Sun were 
suddenly extinguished, we should not know it until 
eight minutes after the extinction; and if it were sud- 
denly rekindled, its rays would take eight minutes in 
order to reach us. 

How distant some of the nocturnal suns ! 

So distant, says the sage, 'twere not absurd 

To doubt, if beams, set out at Nature's birth. 

Are yet arrived at this oiu* foreign world ; 

Yet nothing half so rapid as their flight. Young. 

In order to acquire a knowledge of the aspect of the 
heavens, it is necessary for those who live in the 
northern hemisphere to direct their attention to the 
polar star. This is one of the chief stars of the con- 
stellation termed the Little Bear^ (see fig. 48,) at the 
tip of the tail of which it is situated, and is of the 
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second magnitude. It is about 1^^ from the pole; and, 
saying the small circle which it thus describes, it is 
always in the same position at every hour of the day 
and night, and at every season of the year. To the 
point, from which this star is about 1^^ distant, there 
is, southward, a corresponding point, round which two 
points the concave sphere of the heavens, studded with 
stars, seems to turn; this being, in reality, due to the 
diurnal motion of the earth on its axis. The stars 
round about these two points are called circumpolar 
stars, as revolving constantly about the poles; and 
those which, in consequence, never set to our and more 
noithem latitudes, are termed stars of perpetual appa^ 
rMm, because they are constantly above the horizon. 
The stars a and 0, in the Great Bear (fig. 48), are called 
the Painters^ because, if we follow them, they lead 
almost in a right line to the Pole-Star : — they serve, 
therefore, to point out this star. In this cut we have, 
apart from the drawings of animals, the seven principal 
stars in each of the Bears; £ d being those of the Little 
Bear, and cab those of the Great Bear, d is the Pole- 
star, and is nearly in a line with a b, the pointers. 

Fig. 49. 
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After the Chreat and Little Bears, which are very con- 
spicuous, and easy to remember, the other principal 
constellations may be readily recognised. Nearly su- 
rounding the Little Bear is the constellation Draco. In 
the upper comer of the right hand, appear parts of the 
constellations Lynx and Camelopardalus: and at the 
lower comer of the left hand, part of the constellaliaD 
Bootes. 

The constellation Orion, the Pleiades, and the stoi 
Arcturus, of the first magnitude, are known in Scrip- 
ture. The term Mazzaroth, used in the book of Job^ 
xxxviii. 32, is supposed to imply the canstellaUoni (f 
the Zodiac^ which are thought to be meant by Josqpbf 
when he spoke of the sun, moon, and eleven stan, 
bowing down to pay him homage, himself being the 
twelfth. — Gen, xxxvii. 9. But the science of astro- 
nomy was not much encouraged at any time among the 
Jewish people, lest they might the more easily be 
allured to join in the idolatries of the neighbouring 
nations, all of whom eagerly gave themselves up to the 
worship of the " heavenly host." 

We ought not to omit to mention, that in the 
Southern Hemisphere is the constellation called the 
CROSS, which, from the disposition of the principal stars, 
is a type of that sacred emblem; it is almost entirely 
enveloped by the southern part of the milky way, as 
shown in the figure. This is, perhaps, one of the 
justest configurations that astronomers have ever made, 
and is thus alluded to by the poet Rogers, who also 
speaks of the superior radiance of the stars in the 
heavens below the Line:— 

And now in opener skies 

Stars yet unnamed of purer radiance rise ! 
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stars, mildw suns, that lova a shade to cast, 
And on the bright wave tUug the trembling mastl 
Another firmament ! the orbs that roll, 
Suigly or cluatering, round the Bouthem pole I 
Nor yet the fonr that glorify the night — 
Ah, how forget, when to my ravished sight 
The Cross shone forth in eTeiiaatiug light I 
The mariners in the Luiiad also thus apostrophise 
his constellation :— 

While nightly thus the lonely seas we brav^ 
Another Pole-star rises o'er the wave; 
Fall to the Bonth a shining' Choss appears ; 
Our heaving breasts the blissful omen cheers. 
Seven radiant stare compose the hallowed mgn, 
That rose still higher o'er the wavy brine. 
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Owing to the annual motion of the Earth, the Sun 
appears to move among the zodiacal constellations from 
West to East. Hence it is that, while the whole dome 
of the fixed stars seems to move round the Earth &om 
East to West^ in consequence of the Earth's diurnal 
motion, the stars appear to rise ahout 3' 56'' soonei 
every evening, and thus seem to gain nearly one whole 
revolution over the Sun in a twelvemonth, which is due 
to the Sun having finished its circular course througb 
the ecliptic. The Earth completes one revolution on iia 
axis in twenty-three hours and fifty-six minutes, which 
is termed a sidereal day, being the time which elapses 
from any star coming upon the meridian till its arriving 
there again; this would, therefore, be the length of the 
day, were the Earth stationary; but, as we said before 
in other words, the Earth advances nearly one degree 
in its orbit in one day, or the Sun seems to move this 
space in the ecliptic. 

When the Moon, in her passage round the Earth, 
passes over any of the fixed stars or planets, she is said 
to occult^ or hide them; and such a phenomenon is 
termed an occultation^ an observation of which is useful 
in determining longitude. 

One of the latest opinions respecting the cause oi 
shooting stars is, that they are fragments of planets, 
which in the course of their revolutions come, at certain 
times, within visible range of the Earth; and that the 
Earth, when at that part of her orbit where she i« 
brought by the middle of November in each year, is in 
that point of space, which is nearest to the places oi 
such revolutions. 
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CHAPTER XIII. 

THE REFLECTING TELESCOPE. HEBSCHEL's DISCOVERIES 
THEREWITH. THE 'TELESCOPE HADE BT NEWTON* 
CONCLUSION. CONTEMPLATION OF THE UNIVERSE. 

Haying had occasion, more than once, to refer to the 
diBCoyeries made by Sir William Herdchel, in the celes« 
tial regions, we cannot altogether dismiss the subject, 
without describing the stupendous and wonderful in-, 
strument, which he himself constructed, and with 
which he enriched the modem state of astronomical 
knowledge. The magnifjdng powers of this instrument 
exceeded all that had ever been known, previously or 
since. 

We will suppose the reader to be at least moderately 
acquainted with the principles and use of the common 
refracting telescope : he will therefore observe that the 
subjoined figure aflfords a representation of Herschel's 
Reflecting Telescope : — 

Fig. 51. 




Let us suppose a b to be a concave reflector, and 
r A, r B to be rays proceeding from a distant object, 
such as a star. The reflector a b is not placed symme- 
trically across the tube, but has such a degree of inclina- 
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tion given to it, as will bring the rays to a focus at i 
near the margin of the mouth of the tube. The eye c 
the observer being now placed at that point, he will se 
the image formed by the focalization of the rays. Th 
object to be obtained in thus bringing the rays to 
focus at the margin of the tube, instead of at the centr 
of its diameter, is, that the body and head of th* 
observer may intercept as few rays as possible; for i 
will be seen that it is quite impossible for him to lool 
mto the tube, without obstructing the passage of som 
of the light proceeding from the object. But this ob 
struction is thus limited as much as possible. 

This telescope was begun by Sir William in the yex 
1785, by the pecuniary aid afforded to him by Eloj 
George the Third, who was his patron. Hersdie 
superintended the whole of the construction of i 
himself; and he had as many as forty workmen em- 
ployed upon it at once. In February, 1787, he hac 
the first view through this telescope, although it wsu 
not completely finished till August, 1789. 

The great reflector, a b, was forty-eight inches in 
diameter of polished surface. A speaking-trumpet wai 
fitted to the side of the telescope, for the observer tc 
communicate the result of his observations to an 
assistant below, who was stationed in a small house, 
and provided with various instruments for measuring 
time, the positions of the stars, &c. This vast tube was 
moved about in any direction, by means of a large and 
complicated apparatus. The eye-pieces, through which 
the observer viewed the reflected image of an object, 
were held at the mouth of the tube by a sliding appa« 
ratus, by which the attention could be directed to any 
particular part of the speculum, a b. 
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The frame-work of this instrument haying been 
found to be greatly decayed, after it had remained 
tiiirty years in its place, the whole was taken down 
and replaced by a smaller one, on the like construction, 
by Herschel's son, one of the most distinguished astro- 
nomers of modem days. 

No sooner had the great telescope been erected by 
Sir William Herschel, than he began an important 
series of discoTeries by its means. He discovered the 
nxih satellite of Saturn (five only having been pre- 
yiously known,) on the day that this instrument was 
completed. He had already discovered the planet 
Uranus, as before related ; a circumstance, such as had 
never ^taken place since the days of the most ancient 
nations of the world. ^ Moreover, by the aid of the new 
telescope, Herschel distinguished, one by one, six lumi- 
naries revolving about it ; as also the seventh satellite 
<^ Saturn. The same able astronomer also discovered 
that the ring which surrounds the planet Saturn, is not 
only divided into concentric belts by a dark circle, as 
had been already noticed by Cassini, but that the ring 
likewise revolved about the body of the planet. 
' The art of constructing telescopes, has, like all other 
arts, advanced by degrees to its present state of compa- 
rative perfection. In the case of the reflecting teles- 
cope, which is, for astronomical purposes, a vast and 
efficacious improvement upon the former mode of using 
these instruments, there have been several sorts at 
different times constructed. These go by the names of 
the Newtonian, the Gregorian, the Cassegrainian, 
Brewster's, and Herschel's. The principle of them all 
is the same: but the circumstances in which they 
differ from one another, are chiefly in the manner in 
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wUcli the image ai an object is conveyed to the eye of 
an obeeryer. In eveiy instance, rays of light from ilie 
celestial body pass into the tube of the telescope (which 
is open at the end neareit to the object,) and £sdl npcn 
the surface of the speculum at the bottom of the tube, 
as shown in the preceding figure. These rays, 2&a 
reflection &om the surface of the speculum, meet again 
in a focus near the upper end of the tube, and then 
form a small image of the object; which image is 
conveyed to the eye of the observer by one of the five 
different contrivances, which thus form the {>oint8 of 
difference between the various reflecting telescopes. 

Of HerschePs telescope we have already spoken. 
Into the merits of the telescopes of Gregory, Casae- 
grain, and Brewster, it is not necessary here to enter ; 
but we cannot refrain from giving a few brief notices <^ 
Newton's genius as developed in the construction of a 
reflecting telescope, for exploring those celestial tracts^ 
which his skill and perspicacity were employed in 
reducing to order and harmony, for the better under- 
standing of those who were to come after him. 

It has been well remarked of Sir Isaac Newton, that 
it was his brilliant fortune to improve almost every 
subject to which he directed his gigantic mind. He 
was the first to put in practice the idea of employing 
reflected light for the formation of the image in a 
telescope. Vast and splendid as were the theoretical 
and mathematical powers of his mind, yet he did not 
disdain to construct with his own hands the instrument 
which his inductive reasoning told him would serve the 
purpose of a telescope. He, accordingly, made the first 
reflecting telescope which the world ever saw, and 
which is now in the museum of the Royal Society of 
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liondon :— a precious memento of the ingemiity of one 
"wiiose name will never die. 

We are told that Newton's first reflecting telescope 
was 6^ inches long, and had an aperture of about 1-^ 
inches. The eye-glass was inserted in the side of the 
tube, and was onensixth of an inch deep. This instru- 
ment, although so small, magnified thirty-five times, 
and enabled Newton to see the crescent-form of Yenus, 
and Jupiter's satellites. He then made another, which 
was 2\ inches in diameter, and therefore gave a larger 
Teflecting surface to the speculum at the bottom of the 
tube. 

The following figure shows the construction of the 
Newtonian reflecting telescope. 

Fig. «2. 




A is the speculum, or reflecting surface, formed of 
polished metal, either spherically or parabolically 
curved : — ^the latter is more correct, but the former is 
more easy to construct. This speculum, as we saw in 
the case of Herschel's telescope, is placed at the end of 
the tube d d d d^ and has such a degree of curvature, 
that the rays r d,rd, from any celestial object, will, 
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after reflection be conveyed to a focus at «, near the 
month of the tube. But, before they reach this point, 
their progress is arrested by a plane mirror, c, so placed 
as to make an angle of 45° both with the length and 
with the diameter of the tube. This plane mirror is 
held in its place by an arm or bracket, g^ fitted to the 
side of the tube, but, at the same time, capable of 
sliding along it, in order that the distance between tbe 
two reflectors may be increased or diminished at 
pleasure. Let us now suppose that rays from a celes- 
tial object are entering the tube, and that they are 
reflected from the surface of the speculum a : instead of 
meeting at «, they are reflected a second time, from the 
small plane mirror <?, and cross each other at the point 
/, at which point of intersection an image of tbe object 
is formed. At this part of the process is the following 
adaptation : — z, convex lens is fitted into a socket A, 
the focal power of which lens is such, that the image is 
in that focus, and the magnitude of the image is in- 
creased. 

Many disadvantages resulted from the necessity for 
the observer looking in at the 9\d& of the tube; and 
inconvenience manifestly results from looking down 
the mouth of the tube. Those who have attempted to 
construct reflecting telescopes, have always had in view 
the removal or diminution of the difficulties mentioned 
before. Complete success, without loss of light, has 
not, however, attended their efforts. 

From the time when Galileo made his telescope, 
which was of the common refracting sort, with eye- 
pieces, one at each end of a tube, to the construction of 
Herschel's great reflecting telescope, a period of nearly 
200 years, the knowledge of the heavens rapidly pro- 
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gressed. The construction of the Newtonian telescope 
was an event mid-way; but the further extent of our 
knowledge of " the argent fields above," will have to 
depend mainly on the further improvement of our 
telescopes. 



In concluding this part of the subject of Astronomy, 
we cannot do better than use the thoughtful and elo- 
quent words of Chalmers: — 

*' The first thing which strikes a scientific observer 
of the fixed stars, is their immeasurable distance. If 
the whole planetary system were lighted up into a 
globe of fire, it would exceed, by many millions of 
times, the magnitude of this world, and yet only appear 
a small lucid point from the nearest of them. If a 
body were projected from the Sun, with the velocity of 
a cannon-ball, it would take hundreds of thousands of 
years before it described that mighty interval which 
separates the nearest of the fixed stars from our sun 
and from our system. If this Earth, which moves at 
more than the inconceivable velocity of a million and 
a half miles a day, were to be hurried from its orbit, 
and to take the same rapid flight over this immense 
tract, it would not have arrived at the termination of 
its. journey after taking all the time which has elapsed 
since the creation of the world. These are great num- 
l)ers, and great calculations; and the mind feels its own 
impotency in attempting to grasp them. We can state 
them in words. We can exhibit them in figures. We 
can demonstrate them by the powers of a most rigid 
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and infallible geometry. But, no hnmaa fancy ean 
sommon up a lively or an adequate oonceptioii—caii 
roam in its ideal flight oyer tliis immeasurable laige- 
ness--can take in this mighty space in all its grandem^ 
and in all its immensity-— can sweep the outer bou- 
daries of such a creation — or lift itself up to the 
majesty of that great and invisible arm on which all is 
suspended. 

" But what can those stars be which are seated so 
far beyond the limits of our planetary system! They 
must be masses of immense magnitude, or they could 
not be seen at the distance of place which they occupy. 
The light which they give must proceed fiom tlienr 
selyes; for the feeble reflection of light from aome other 
quarter, would not carry through such mighty tracts to 
the eye of an observer. A body may be visible in two 
ways. It may be visible from its own light, as the flame 
of a candle, or the brightness of a Are, or the brilliancy 
of yonder glorious Sun, which lightens all below, and is 
the lamp of the world. Or it may be visible from the 
light which falls upon it, as the body which receives 
its light from a taper, or the whole assemblage of ob- 
jects on the surface of the Earth, which appear only 
when the light of day rests upon them— or the Moon, 
which, in that part of it that is towards the Sun, gives 
out a silvery whiteness to the eye of the observer, while 
the other part forms a black and invisible space in the 
firmament— or as the planets, which shine only because 
the Sun shines upon them ; and which, each of them, 
present the appearance of a dark spot on the side that 
is turned away from it. Now apply this question to 
the fixed stars. Are they luminous of themselves, or 
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do they derive their light from the Sun, like the bodies 
of our planetary system? Think of their immense 
distance, and the solution of this iquestion becomes 
evident. The Sun, like any other body, must dwindle 
into a less apparent magnitude as you retire from it. 
At the prodigious distance even of the very nearest of 
the fixed stars, it must have shrunk into a small indi- 
visible point. In short, it must have become a star 
itself and could shed no more light than a single indi- 
Tidnal of those gHmmering myriads, the whole assem- 
Mage of which cannot dissipate, and can scarcely alle- 
Tiate, the midnight darkness of our world. These stars 
are visible^ not because the Sun shines upon them, but 
because they shine of themselves, because they are so 
many luminous bodies scattered over the tracts of im- 
mensity; in a word^ because they are so many suns, 
each throned in centre of his own dominions, and pour- 
ing a flood of light over his own portion of these unli- 
mitable regions. 

** At such an immense distance for observation, it is 
not to be supposed that we can collect many points of 
vesembknce between the fixed stars and the solar star, 
which forms the centre of our planetary system. There 
18 one point of resemblance, however, which has not 
escaped the penetration of our astrcmomers. We know 
that our Sim turns round upon himself in a regular 
period oi time. We also know that there are dark 
spots scattered over his surfiu^, which, though invisible 
to the naked eye, are perfectly noticeable by our instm- 
ments. If these spots existed in greater quantity upon 
one side than upon another, it would have the general 
effect of making that side darker ; and the revolution 
of the Sun must, in such a case, give us a brighter and 
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a fkinter side, by regular altemations. Now, there aie 
some of the fixed stars which present this appearance. 
They present us with periodical variations of light 
From the splendour of a star of the first or second 
magnitude, they fade away into some of the inferior 
magnitudes; and one, by becoming invisible, might 
give reason to apprehend that we had lost him alto- 
gether ; but we can still recognise him by the telescope, 
till at length he re-appears in his own place, and, after 
a regular lapse of so many days and hours, recovers his 
original brightness. Now, the fair inference from this 
is, that the fixed stars, as they resemble our Sun, i£ 
being so many luminous masses, of immense magnitude, 
they resemble him in this also, that each of them tains 
round upon his own axis; so that, if any of them 
should have an inequality in the .brightness of their 
sides, this revolution is rendered evident, by the re- 
gular variations in the degree of light which it nnder- 
goes. 

" Shall we say, then, of these vast luminaries, that 
they were created in vain? Were they called into 
existence for no other purpose than to throw a tide of 
useless splendour over the solitudes of immensity? 
Our Sun is only one of those luminaries, and we 
know that he has worlds in his train. Why should 
we strip the rest of this princely attendance ? Why 
may not each of them be the centre of his own sys- 
tem, and give light to his own worlds? It is true 
that we see them not; but could the eye of man 
take its flight into those distant regions, it would 
lose sight of our little world before it reached the 
outer limits of our system — the greater planets would 
disappear in their turn — ^before it had described a 
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small portion of that abyss which separates us from 
the fixed stars, the Sun would decline into a little 
spot, and all its splendid retinue of worlds be lost in the 
obscurity of distance— he would at last shrink into a 
small indivisible atom, and all that could be seen of this 
magnificent system, would be reduced to the glimmer- 
ing of a little star. Why resist any longer the grand 
and interesting conclusion ? Each of these stars may 
be the token of a system as vast and as splendid as the 
one which we inhabit. Worlds roll in these distant 
i^ons ; and these worlds must be the mansions of life 
and of intelligence. In yon gilded canopy of heaven, we 
see the broad aspect of the universe, where each 
shining point presents us with a Sun, and each Sun 
with a S3rstem of worlds — where the Divinity reigns in 
all the grandeur of His attributes— where He peoples 
immensity with His wonders; and travels in the 
greatness of His strength, through the dominions of one 
vast and unlimited monarchy. 

^' The contemplation has no limits. If we ask the 
number of suns and of systems, the unassisted eye of 
man can take in a thousand, and the best telescope 
-which the genius of man has constructed, can take in 
eighty millions. But why subject the dominions of the 
universe to the eye of man, or to the powers of his 
genius ? Fancy may take its flight far beyond the ken 
of eye or of telescope. It may expatiate in the outer 
regions of all that is visible — and shall we have the 
boldness to say, that there is nothing there ? — that the 
wonders of the Almighty are at an end, because we can 
no longer trace His footsteps ? — that His omnipotence 
is exhausted because human art can no longer follow 
Him ? — ^that the creative energy of God has simk into 
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repose, because the imagination is enfeebled by the 
magnitude of its efforts, and can keep no longer on the 
wing through those mighty tracts, which shoot £u 
beyond what eye hath seen, or the heart of man hath 
conceived: which sweep endlessly along, and merge 
into an awful and mysterious infinity? '* 



Leaving now the consideration of the heavens, and 
all that is therein contained, — as far as mere wonder 
and admiration are concerned, — let us pass on to ob- 
serve the use wMch man makes, under Providence, of 
his knowledge of the celestial bodies and their motioDs; 
remembering that, next to the faithfulness of AiA 
great Author, the motions of those bodies are more 
faithful and regular than aught else, which comes under 
man's experience. 
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CHAPTER XIV. 

riME. ALMANAC AND CALENDAR. CORRECTIONS OF 
THE CALENDAR. COLUMNS OF AN ALMANAa COMMON 
NOTES OF THE ALMANAC. 

Fhe especial use of astionomical science, in reference to 
the common afi^Eiirs of life, is to regulate the order of 
Time. It is only wiiliin the last few hundred years 
that astronomy has been cultivated with such improved 
means, as to allow of an3rthing like precision and uni- 
formity in measuring off successive portions of man's 
tNTief existence here. But the necessity and importance 
of doing this are so obvious, that the wisest and most 
skilful of mankind, in different ages and countries, 
bave given their attention, to determine and to com- 
pare standards of time, which shall be of universal 
reference and applicability to the whole human race. 
How far, and by what means, they effected this object, 
in an elementary way, we will endeavour to explain, as 
l^r as the question is compreh^ided within the limits 
3f astronomy. 

The terms Almanac and Calendar may be considered 
as synonymous; but, if any distinction may be ad- 
mitted, the former implies an annual publication, com- 
[»rising the Calendar for the year ensuing, as also all 
other information relating to the actions of men in the 
civil affEiirs of life, which it is necessary to know and 
act up to, in order to discharge our duties as good 
subjects, good neighbours, and " citizens of the world." 

But the Calendar seems now to be understood to be 
a methodical digest of the ensuing year into its months 
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and days, with all the infonnation relating to sncli 
individual months and days, particularly with respect 
to celestial phenomena; such as the motions of the 
Sun, Moon, and planets. 

Now, whether we call the book of which we speak, 
an " Almanac " or a " Calendar," our observations can 
only apply to that part of it which furnishes a digest 
of the year, with reference to the motions of the celes- 
tial bodies*. We shall, therefore, treat of the snbjecti 
first, with reference to the Almanac or Calendar; 
and secondly, by explaining the common Notes of the 
Calendar. 

I. The word "Almanac" has given rise to mnch 
discussion among philologists, or lovers of reading: but 
it seems to imply, according to its derivation from the 
Arabic, the book used for reckoning or counting. 

The Calendar is an adjustment of time, according 
to rule, for the use of society. The term *' Calendar" 
is derived from an old classic word, implying to caU, 
from the circumstance of the Pontifex Maximus, the 
head of the ancient priests, being used to proclaim^ on 
the first day of the month, the appearance of the new 
moon, and the festivals to be observed throughout the 
month. 

One column in an Almanac is frequently the days of 
the year, and we number them from the 1st of January 
onward to the 31st of December; so that the last-men- 
tioned day is the 365th of the year. There are not 
many persons now living who remember when the year 
commenced on the 25th of March: yet such was the 

* Such a work, when intended chiefly for the use of persons 
conversant in astronomy, is called an Ephemeris, See p. 79* 
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3ase, until the year 1752. Many inconveniences re- 
mlted from commencing tHe year near tHe end of a 
month, and it was resolved that from tHat date the 
{rear should commence on the first day of a month; 
bhe month chosen, i. e, January, being the nearest to 
Hidwinter. This plan has been acted on to the pre- 
sent time, and will probably continue for ages to 
some. 

In the early stages of society, the progress of time 
was estimated by the courses of the Sun and Moon; 
fche former marking out years, seasons, and days; and 
the latter months and weeks. 

But, of the several divisions of time, it has been 
found most difficult to determine with accuracy the 
month and the ^ear; since the revolution of neither the 
Sun nor the Moon is completed in an exact number of 
days. To reconcile the revolutions of the Sun and 
Moon with the common account of time, and to make 
ihem agree with each other, was the object held in 
view upon reforming the Calendar on several remark- 
able occasions. 

Therefore, if we look into an Almanac for Leap-year, 
— 1840, for instance, — we find that there are 366 days 
in that year; so that the year is then positively longer 
than ordinary years. The cause of this we must 
explain. Until the time of Julius Caesar, the year was 
almost generally reckoned to contain 365 days exactly; 
80 that after the lapse of 365 days from the beginning 
of one year, the following year commenced. But this 
is not quite correct: a year is really equal to nearly 
365^ days. For centuries, therefore, the year had been 
reckoned too short; the consequence of which was, 
that the year was, in Julius Csesar's time, made to 
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begin ninety days too soon, owing to the accimiiilatiQii 
of error. Beings therefore, conyinced by the Greek 
astronomer, Sosigenes, that the year then employed 
was too short, and that it could never be properly 
settled but by referring it to the (apparent) anniul 
revolution of the Sun, and finding that about ninety days 
had been lost by the old reckoning, he made the fint 
Julian year to consist of 444 days, which was in conse- 
quence called " the year of confusion." This year was 
thus made to terminate at the proper season. The 
following years, with the months, were then adjusted 
nearly as they are at present; and, as the year was 
&om that time made to consist of 365^ days, a day 
was inserted every fourth year between the sixth and 
fiffch of the calends of March (which days answer to 
the 24th and 25th of February); so that, the sixth day 
of the calends of March being repeated, there wen 
accounted to be two sixth-days of the calends of Maick, 
and the day thus inserted was named lis-sextits dies^ oc 
the double-sixth day; whence we call Leap-year, in 
which this addition is made, Bissextile. 

But, as the year does not consist of quite 365} days, 
it was found, in the 16th century after Christ, that the 
course of the civil year was ten days in advance of the 
course of the Sun. The Calendar was therefore again 
corrected by Pope Gregory XIII., A. d. 1582. This, 
which is called the New Style, was adopted in England, 
A. D. 1752. The regulations assumed in this second 
reformation of the Calendar, are such as, reckoning from 
the 16th century, will make the civil year and the course 
of the Sun to diflfer, after the lapse of 4000 years, only 
to the amount of one day. 

The error had amounted, in 17^2, to about eleven 
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dajB ; so eleven days were subtracted from that jear, 
leaving it, in length, only 354 daySi In Hogarth's 
jHTints of the *' Election,'' one of the electocs has a paper 
-with the inscription, ''Give us back our eleven daysr 
This alludes to a popular clamour among the ignorant 
of that time, that the govemm^it had robbed the peo- 
ple of eleven days. The day after the 2nd of September 
was made the 14th. 

The column of an Almanac devoted to the day of 
tie month is in many respects curious. The word 
month is derived, as we observed b^ore, firom the word 
moon; and a month is nearly equal in l^igth to the 
time that the Moon takes in going through all her 
changes. But it is not exactly so: if we look at an 
Almanac, we see that the calendar m(mth is longer 
than the lunar month. In the early stages of society, 
and in uncivilized countries at the present day, the time 
£rom new moon to new moon forms a very convenient 
and distinctly marked period, for the measure of long 
intervals. But it happens that twelve moons, or lunar 
months, are not quite so long as a year, and that thir- 
teen are longer ; so that, in order to make the beginnings 
of a year correspond with the beginning of a month, we 
have to resort to artifice. A year contains eleven da3rs 
over and above twelve lunations, or lunar months ; so 
that, by adding to the lengths of the months, — making 
some to contain thirty, others thirty-one days, &c., (a 
lunar month containing twenty-nine and a hal^) we 
manage to make the year contain exactly twelve ealen* 
dar months. It must be ovmed that this adjustment 
is much more clumsy than that which relates to the 
length of the year. 

The column of days of the week relates to a division 
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of time "wbich has been used from the very earliest 
period. The earliest people on the Earth's surface had 
a tahbcUh^ or sacred day, being every seventh day, whidi 
was ordained by Divine authority to be kept holy, ia 
commemoration of the completion of the ^reat work of 
creation. The Jews, who have never ceased to exist as 
a people, however much they have been scattered otw 
the world, have maintained a classification of days into 
weeks down to our own time, and other nations haTe 
followed their example. Another circumstance attend- 
ing the clustering of days into periods of seven each, is, 
that a week is very nearly one quarter of a complete 
lunation ; so that full moon is always ahowt a fortni^ 
after new moon. As there is one day more than fifty- 
two weeks in a year, every year begins one day later in 
the week than the preceding year ; and if it be leap- 
year, it is two days later. 

The columns for sun-rising and sun-setting are neaily 
the same year after year, for any given place, but differ 
for diflferent places. The reason why the Sun rises on 
any given day, say Jan. 1st, at the same hour and 
minute as on the same day of the preceding year, ia 
that, by the corrections to which we before alludeol, 
the length of the civil year is almost exactly equal to 
that of the astronomical year, and so the Sun is situated, 
with respect to any given place, exactly the same at the 
end of the year as he was at the beginning. 

If the Earth did not rotate on her axis, we should 
see the Sun gradually mounting in the heavens from 
December to June, and descending from June to De- 
cember ; but, as the Earth is rotating, the effect pro- 
duced is, that the Sun rises earlier and sets later every 
day from December to June, and rises later and sets 
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earlier every day from June to December; thus pro- 
ducing all the diversity of our seasons, as we before 
explained. Thus, then, results the variation in the 
numbers expressing the rising and setting of the Sun 
in an Almanac. 

But why will not a table of rising and setting do for 
aU parts of the world ? Why must an Edinburgh 
Almanac, for instance, totally differ from a London one, 
in the times specified ? This is occasioned by difference 
of latitvde. In June, the Sim at Edinburgh rises to a 
greater height than in December^ as is the case in Lon- 
don; but it is cdtcays at a less height than at London, 
both in winter and summer, in consequence of Edin- 
burgh being at a greater distance than London from the 
equator, where the Sun is more immediately over head. 
This circumstance affects the time of rising and setting ; 
so that a London Almanac is useless with respect to the 
times of sun-rise and sun-set at Edinburgh. 

The time of the Moon's southing frequently occupies 
a column in an Almanac. This expression alludes to 
the moment in each day when the Moon is south, or 
on the meridian of the observer ; and it varies y&cj 
rapidly from day to day: the Moon souths on an 
average fifty minutes later each day. The cause of this 
is, that the Moon is moving constantly eastward^ while 
the Earth is rotating in the same direction ; so that the 
Earth has, as it were, a journey of fifty minutes to 
perform, before she can again catch the Moon, after 
having performed one rotation. A table of the Moon's 
southing for Edinburgh will not differ much from on© 
for London, because Edinburgh is not very faa: from 
being due north of Loudon. But, if it were far to the 
east or west, as at Petersburgh or New York, the same 
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table of southing would not serve, because the Mocm 
moves a good way eastward, in the interval oi her 
southing at London, and southing at New York, &c. 

The rising and setting of the Moon are ako firequently 
given. These differ greatly day by day in the same 
Almanac^ — their rate of variation is not the same as for 
southing ; and tables arranged f<» different places show 
very dissimilar results. The causes for all this aie 
much too complicated to be e^lained here; but we 
may mention one or two: — the Moon is ccMtstantly 
moving eastward in the heavens : the rapidity of her 
motion is continually varying : and she is not moying 
in the same path as the Sun moves. The latitude and 
longitude of the observer s i)osition, the place of the 
Moon in her orbit, the rapidity of her motion, and other 
particulars, are therefore to be taken into account in 
computing the rising and setting of the Moon ; and this 
forms altogether a tedious and difficult part of the 
Almanac-maker s duties. 

The Moon's phases are given in all Almanacs ; that is, 
as before explained, the times when she is a full Moon, 
a half Moon, (twice in the month,) and a new or 
invisible Moon. All these terms relate, not to the 
actual quantity of light which falls on the Moon from 
the Sun, but to the portion of the illuminated half of 
the Moon which happens to be turned towards the 
Earth ; and therefore, in every case, what we call the 
a^e of the Moon, depends on the position of the Earth 
with respect to the Sun and Moon. 

We may here remark, that the Moon's influence on 
parts of the human body, as given in some old-fashioned 
Almanacs, is an entire fallacy: it is most untrue and 
absurd, often indecent, and is a discredit to the age we 
live in. 
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Eqwokn of time^ as giyen in Almanacs, is the dif- 
ference between the time as indicated by a sun-dial, 
and that indicated by a correct dock. It is occasioned 
by the circumstance that the Sun, whidi is the chief 
agent in forming measures of time, does not appear to 
move equally fast on all days of the year; so that an 
Lour by a sun-dial, which correctly indicates the Sun's 
motion, is sometimes longer, and at other times shorter, 
than an hour indicated by a good clock: — a clock's 
hours are all equal, but the Sun's hours are not all 
equal. The equation of time shows how many minutes 
are to be added to or subtracted from sun-dial time, in 
order to obtain clock time, or ^nee verad. The same 
table of equation of time will serve all over the world. 

II. The Notes usually given at the commencement 
of an Almanac, were the elements employed in the 
oorrection of the Calendar. They are the following ; 
which we proceed briefly to explain:— 

1. Golden Number. 

2. Epact. 

3. Solar Cycle. 

4. Sunday Letter. 

5. Roman Indiction. 

6. Number of Direction. 

7. Julian Period* 

1. The Golden Number is the number which any 
given year holds in the Lunar Cycle, which is a period 
of nineteen years, at the lapse of which the new Moons 
take place on the same days of the same months 
respectively, as at the commencement of the Cycle. 
Therefore, while the Sun performs its annual course 
nineteen times, those of the Moon amount to two 
hundred and thirty-five. The importance of this dis- 
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coveiy in the regulation of time was held to he so gieat, 
that the rule for asoertuning the numher of the yeai 
in the Lunar Cycle was engraved on &£fold&n tablet, aai 
set up in the market-place of Athens. Hence the tetm 
Golden Number. The rule is given in the Calendar, 
which prefaces the Church-Service. 

2. The Epact is the number of days over and above 
all the complete courses of the Moon, for any number 
of years, in any part of the Lunar Cycle. Hence, it is 
the Moon s age at the beginning of any year ; that ia, 
the number of days which have elapsed since. the last 
new Moon in the preceding year. 

3. The SoLAB Cycle is a period of twenty-dght 
years, which, owing to Leap-year, must necessarily pass 
round, before the days of the month can return respec- 
tively to the same days of the week, as at the com- 
mencement of the Cycle. 

4. The Dominical or Sunday Letter is one of the 
first seven letters of the Alphabet; which letters are 
used to denote respectively the days of the week, and 
one of which letters must of course fall to the Sunday 
throughout the year. But, owing to Leap-year, their 
order is every fourth year disturbed ; so that the Solar 
Cycle must pass round, before the letters can fsJl 
respectively to the same days of the week. The year 
1840 being Leap-year, there are two Sunday Letters ; 
the left hand letter is used till the end of February, and 
the other till the end of the year. 

5. EoMAN Indiction was a period of fifteen years, 
appointed by the Emperor Constantino, A. d. 312, for 
the payment of certain taxes from the subjects of the 
empire. 

6. The Number op Diice»ctiq^. \\. "WdT^^ been 
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decided by an assembly of Christian bisbops, at the 
Council of Nice, in Italy, a. d. 325, that Easter- 
Day is always "the first Sunday cfter the Full 
Moon, which happens upon, or next after, the 21st 
of March ;" it follows that Easter-day cannot take 
place earlier than the 22nd of March, nor later than 
the 25th of April; so that from one date to the other 
(both inclusive) are thirty-five days. The Number of 
Direction is that day of the thirty-five, on which 
Easter Sunday falls. 

7. The Julian Period consists of 7980 years; which 
is produced by the multiplication into each other of the 
Solar Cycle, the Lunar Cycle; and the Roman Indic- 
tion; (28X19X15=7980.) This period is reckoned 
from 709 years before the Creation of the world, when 
the three cycles are supposed to commence together, 
which circumstance cannot take place again until the 
lapse of the entire period, a. d. 3267* 

The Roman Indiction and the Julian Period are not 
now of practical use in the Calendar; but the other 
observations may assist those who wish to under- 
stand the Calendar, which is prefixed to the Church- 
Service in the Prayer-Book. 
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HAPTER XV. 

A8TK0V0XICAL INSTKUXEKTS, COXXOVI.T VSKD Hff THB 
XZASUKEXEKT OF TIXE. EAXX.Y BITISIOXS OF TIXI. 
SUN-DIAL — HOKTZOKTAL AND YEKTICAL. XEmCDIAV- 
I.INE. XOON-DIAL. AST&OLAEE. HADLEY's dVADKAVT. 

• ARTIFICIAL HORIZON. 

We come now to consider the elementaiy instnnaaeiife 
used to ascertain, with accuracy, the dirisioiis of time, 
and to estimate the motions, real or appuent, of flock 
heayenly bodies as gave efiect to the instnimentB in 
question. We may confine onrselTes, therefore, to an 
examination into the natnre and nses of the Sun-Dial 
and the Quadrant ; having first taken a cnraory view 
of the early and well-established divisions of time* 

In the dawn of society, when man had not yeft 
entered upon that career of activity which the deve- 
lopement of mind, the ties of social life, and the gradnal 
growth of his wants and wishes, rendered necessary, 
the progress of time was not an occurrence of paramount 
importance to him. The day was quite long enough 
to enable him to cultivate and gather the produce of 
the ground, or to hunt and appropriate for purposes of 
food the animals aroimd him. From these he obtained 
food and clothing; and thus his wants, limited in 
extent, were easily supplied. 

But when increase of population rendered necessaiy 
the search for new regions, and when the mental tastes 
of men began to multiply the number and variety of 
their employments, it was found necessary to mark the 
course of time; to d\atm^\v^ Vko^ ^«na^ <xC the 
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year when the fruits of the soil were in a fit state for 
food; those periods in which the rainy season oc- 
cnrred ; and (among those nations which were further 
removed from the equator), those periods when cold 
blighted the verdure of the trees and flowers. Thus 
an observance of annual seasons sprang up, long before 
anything was known of the astronomical causes of those 
seasons. 

But it was, moreover, necessary to divide the day 
into smaller portions. Men perceived that night suc- 
ceeded day with great regularity ; and they could not 
have been long in observing, that when the day-light 
was shorter in duration, the night was proportionaUy 
lengthened ; and that, conversely, when in summer the 
day-light was prolonged, the nights were accordingly 
shortened — ^the day and night together forming a period 
of time (nearly) equal at every part of the year, and in 
every country. This statement is true, with respect to 
the countries occupied in the early stages of society ; 
all of which were within a few degrees of the extreme 
latitudes of the Mediterranean sea : but the inhabitants 
of those comparatively small portions of land situated 
at a higher latitude than 66^°, experience no night at 
all at Midsummer, and they suffer a complete depriva- 
tion of day-light at Midwinter. This becomes more 
marked, as we approach nearer to the poles. As before 
observed, (Chap. VII.) the Sun does not shine on the 
North Pole from the twenty-first of September to the 
twenty-first of March, with a small exception, due to 
atmospheric refraction, at the limits of that period; 
but from the twenty-first of March to the twenty-first 
of September the Sun never sets to the North PqI<&« 
Clouds and fogs may obscnie hia loy^^'W^* V'Ci \& ^^ssoe- 



280 MEASUREMENT OF TIME. 

stantly above tHe horizon. It follows from this that 
there is but one night and one day in a whole year at 
the North Pole, each having a duration of six months. 
The same conditions obtain at the South Pole, excepting 
that the times are reversed; summer, or day, (for in 
this case these terms are convertible into each other,) 
occurring at the South Pole, when it is winter, or night, 
at the North. The uninterrupted depression of the Sun 
below the horizon at Midwinter, occurs in latitude 66^^ 
for a period of only three or four days; while, as we 
have seen, this continued depression lasts for six months 
at the poles. It necessarily results, that intermediate 
latitudes experience a Midwinter darkness, increaring 
in duration as we approach the pole. These nocturnal 
days, (if we may be allowed the term,) are, for five or six 
different latitudes, as follows : viz. — 

In latitude 66i" North, from Dec. 20 to Dec. 23 
70 „ Nov. 22 Jan. 20 

75 „ Nov. 3 Feb. 7 

80 „ Oct. 19 Feb. 22 

85 „ Oct. 6 Mar. 7 

90 (or at the pole) Sep. 21 Mar. 21 

We must observe, however, that at the limits of 
each of these periods there is a very long twilight. 
The Sun is not above the horizon, but he is so nearly 
on a level with it, that for many successive hours, 
(and, near the pole, for many successive days,) the 
light yielded is equivalent to that which just precedes 
sunrise in our own climate. 

This continued absence of the Sun is wholly due to 
the obliquity of the equator to the ecliptic ; that is, the 
Earth's motion round \iei ax\a, \a usA m t^^ s^ame plane 
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as her motion round the Sun, but is inclined to it at 
an angle of 23^°, as was explained at page 142. 

Such, then, is the case with reference to the regions 
within the arctic and antarctic circles, which surround 
the poles; the former the northern, and the latter the 
southern, at a distance of 23^^. But in the times of 
the ancient Babylonians and Egyptians, these polar 
regions were unknown, and consequently there was no 
deviation from the rule, that the duration of an arti- 
ficial day (the time that the Sun is above the horizon) 
added to the following night, made an equal quantity 
at all times of the year. Subsequent observations 
have, however, detected a deviation, which comes pro- 
perly under the subject of Equation of Time, to which 
we shall allude hereafter. 

This period, then, the natural day, or one whole 
revolution of the Earth with respect to the Sun, the 
ancients wished to divide into smaller portions, to indi- 
cate the times of recurrence of similar employments or 
ceremonies on each successive day. The boundary of 
one such portion was the instant that the Sun attained 
his greatest elevation in the heavens: that moment 
was exactly midway between the preceding and the 
following nights. The moment of greatest darkness, 
or when the Sun has his greatest depression below the 
horizon, was found to be just half a natural day after 
his greatest height above it. Thus midday and mid- 
night formed two convenient boundaries, by which the 
day could be divided into two equal parts. Those 
parts were each subdivided into two portions, by 
noticing the times when the Sun rose in the morning, 
and set in the evening. In the latitude of Gt^^ 
"Bntam considerahle difference la obset'^^^ ^s^ ^QossaRk 
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lioms at difTerent parts of the year; the Sun nsang in 
Hidsummer before four o'clock, and in Midwinter not 
till after eight o'clock: the setting of the Snn being ia 
a corresponding manner yariable. But in the oonntiies 
idiich were first peopled, sach as Mesopotamia, Persia^ 
^Tpt, Syria, &c., the hoar of sunrise is not subject to 
80 much Tariatiott. The length of daylight, therefoie^ 
although unequal throughout the year, is not so mndi 
80 as with us. Thus arose four nearly equidistafc 
points of diTisioa: midni^y iunrite, midday , and 
mmtet. 

These natural dirisions of a day farmed the gmnd- 
work of all diurnal arrangements among tlvs euly 
nations. The Jews redconed their days from eyening 
to evening; the time of simset bdng coDsidexed the 
beginning of eadi day. But^ as sunset (as we have 
just observed) occurs at different times in different 
periods of the year, the beginning of their day neces- 
sarily varied. The time of sunset in Judaea is about 
five o'clock at Midwinter, and about seven o'clock at 
Midsummer, which makes a difference of two hours in 
the point from which they commenced their day. 

It was not until a subsequent period that hours were 
introduced among the Jews; for it would appear, from 
a passage in Nehemiah, chap. ix. v. 3, that the civil 
day was, about 450 b. c, divided into four parts. 
Again, David, in Psalm lv. v. 17) speaks gI evenii^ 
and morning and noon, as if they were stated pcHnts of 
division in the day. 

Among the nations in which astronomy was first 
cultivated^ was Chaldea, and it is natural to suppose 
that the first division of the day into Jumrs was adopted 
by that people; fox it wcraiV^ ^V^fo^^Ao^ ^iS^^isalt to 
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compare the times of the appeamnces ai the heavenly 
bodies with so large an unit of time as five or six hoozs* 
The first division was into twelve hours, but that was 
afterwards replaced hy a division into twenty-four 
hours. They began their day at sunrise^ and reckoned 
on twenty-four hours to the next sunrise: in fact, 
according to our mode of naming the hours, we should 
say that their day commmiced an hour before sunrise^ 
because the hour (^ sunrise was reckoned one. It is^ 
probable, however, that, instead of employing the num* 
bers to denote the divisions betweoA these twenty-four 
periods, tibey applied them to tibe periods themselves, 
calling them '^ the first hour,'* '^ the second hour," and 
so on: in this sense, the notation would begin and end 
at the moment of sunrise. 

The Eg3q)tians computed their hours in a manner 
somewhat similar to our own; that is, they began the 
day at midnight; but here the similarity ends; for, 
instead of reckoning twice twelve hours, they went 
through the whole twenty-four, like the Chaldeans and 
Babylonians. The first mention of koun in the Bible 
occurs in Daniel iii. 6; and v. 5: in these cases, how-* 
ever, the word time or moment would convey the same 
meaning as the word kour^ bat» as the Jews obtained 
dudr notions of the diviaon of the day into houis from 
the Chaldeans, when they were canned into eapti^ity 
to Babylcm, and as Daniel lived at that period, b.c» 
570, it is probable that the sentences, just alluded to^ 
really relate to hours. 

The Jews, however, deviated from the plan adopted 
by their instructors, inasmuch as they began their day 
at sunset, instead of sunrise, and reckoned two serlea <^ 
twelve hams each, instead o£ one fiienfii& cS. Vh^isX^-^s^s^s^ 
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hours. These two series extended, one from sunset to 
sunrise^ and the other from sunrise to sunset; and, as 
each period was divided into twelve equal parts, it 
necessarily followed fhat the night-hours were longer 
than the day-hours in Winter, and shorter in Summer, 
in consequence of the difference in the hour of sunnse: 
the word Aour, therefore, had not the same definite 
meaning with them as it has now with us. The night 
was divided by the Jews, before their country became 
subject to the Romans, into three watches, — called in 
Latin " Yig^sB,"— consisting of four night-hours each. 
These Yigilisd were afterwards increased, under the 
Romans, to foury viz, JEfffen, Midnight, Cock-crowmg^ 
and Momxng. 

In the earlier ages of Greece, it does not appear that 
hours were known; for Homer speaks of Moming, 
Evening, and Midday, in a manner analogous to that 
of David. Hippocrates is said to have brought the 
horary division of the day into practice in Greece, from 
having observed it in Egypt. There seems reason to 
believe that many of those nations which had no com- 
munication with the Chaldeans, reckoned the progress 
of time by Nights; for Tacitus speaks of that mode of 
computation, as having been in vogue among the ancient 
Germans. The same remark was made by Caesar, with 
respect to the ancient Gauls ; and it is known at the 
present day that some of the nations of central and 
southern Africa, the Mashoos, for example, reckon time 
by the lapse of nights. Indeed, our own household 
words, "se'nnight" and "fortnight," seem to be sur- 
viving proofs that a practice somewhat similar was once 
prevalent in Britain. 

Gonfrision is sometimes created by applying the term 
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" day " both to the whole twenty-four hours, and to that 
portion of them during which the Sun is above the 
horizon; it has therefore been proposed to use the word 
*' Nycthemeron " for the former,— ^thereby confining the 
term day to the latter. Nycthemeron* implies day and 
night together. 

The origin of the names of the days of the week is 
a curious sample of the influence which Astrology ex- 
erted over the minds of the "ruling powers" of those 
days. The seven primary planets (for then they were 
all called planets) Saturn, Jupiter, Mars, Sun, Yenus^ 
Mercury, and the Moon, were believed to take it in 
turn to preside over the affairs of the world, each one 
ruling for one hour, and then giving way to the next. 
The day was named after the planet who happened to 
be in the ascendant at the first hour of that day. Thus 
Saturn was said to be the ruling planet at the first hour 
of the Jewish sabbath ; the sabbath was therefore 
named, after him. Dies Satumi, or the day of Saturn. 
The eighth, fifteenth, and twenty- second hours of that 
day, would likewise come under the dominion of Saturn; 
the twenty-third under Jupiter, the twentyrfourth under 
Mars, and the first hour of the following day under the 
Sun, — from which arose Sun-day, or Dies Solis. Pro- 
ceeding in a similar manner, we find that the seven 
days, reckoning from Saturday, came in the following 
order: — Saturn's day. Sun's day, Moons day. Mars' 
day, Mercury's day, Jupiter's day, and Venus' day; and 
from these titles the Latin names of the week were 
derived. The English names are well known to be 
derived from those of some old Saxon idols. 

* A word compounded from the Greek, w(, nighty and 
r}^€fay a day. 
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In many uncivilized countries at the present day, the 
<soinputation of time by tnocns^ oz months, is adopted. 
But this only relates to large portions of time; foe 
smaller portions may obviously be more conv^ently 
oomputed by the azzival of the Sun at the meridiaii, or 
the natural day. 

The Jewish month was lunar, and calculated horn 
the first appearance of the Moon, on which the ^ Feast 
of the New Moon" was celebrated. This was the be- 
ginning of the month. It was proclaimed by the sound 
of trumpets, and many additional sacrifices were dSktedz 
'—hence the Psalmist says, ^* Blow up the trumpet in 
the new moon, in the time appointed, on our soknm 
feast-day." Psalm Lxxxi. 3. 

There is no particular reason why a division of the 
day into twenty-four hours should be preferred to any 
other : twenty or thirty-six, for instance, would be quite 
as well; but twenty-four having been chosen, other 
nations gradually adopted the same number, although 
they may vary in their modes of computing those houis. 
It was, however, obviously necessary to devise the 
means for measuring them equally. Varied, both in 
principle and in details, have been the means invented 
for this purpose. The sun-dial, the clepsydra or water- 
clock, the hour-glass, and wheel-clocks and watches, 
have been the chief contrivances ; and all these have 
been and the latter still are employed by astronomers in 
estimating the motions of the celestial bodies. Tycho 
Brahe, of whom we have several times spoken, used 
a clepsydra in observing the diurnal courses of the 
stars. 
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I. The Sun-Dial. 

We shall now proceed to show how the shadow of anj 
object, on which the Sun is shining, may be made a 
measure of time. But, before doing so, we must shortly 
aUude to a difference in the respective lengths of hours, 
as indicated by the Sun. 

The Earth moves equably on her axis, but not equably 
in her orbit : that is, she moves throu^ a twenty-fourth 
part, for instance, of her daily rotation in exactly the 
same portion of time every year, and in every part of 
the year ; but, in moving throu^ a given part of her 
annual orbit, she occupies a longer time at some periods 
of the year than at others. This irregularity in the 
Earth's motion proceeds from two sources: first, the 
Earth's motion round her axis not being parallel to her 
motion round the Sun; and second, the Earth's annual 
path round the Sun not being a circle, but an ellipse; as 
was shown in Chapter III. Both of these circumstances 
disturb the equability of the hours, as indicated by the 
Sun. The time, therefore, as indicated by the shadow 
of an opaque object, cast by the Sun, does not quite 
correspond with the time as indicated by a good clock 
or chronometer, the former being sometimes in advance, 
and sometimes in arrear, of the other. The deviation 
is, however, never more than 16^ minutes, and can 
always be known by referring to the table of the " Equa- 
tion of Time," in an Almanac. 

Our readers may form a rough idea of the origin and 
nature of the Sun-dial by thrusting a stick upright in 
the ground, when the Sun is shining. By observing 
the shadow of the stick, as cast upon the ground, at 
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diffeient hours and on different days, many nsefdl facts 
may be elicited. 1st. The shadow will be shorter at 
noon than at any other part of the day. 2nd. It will 
be of the same length at any number of hours before 
noon as at the same hours after noon. 3rd. It will be 
longer at sunrise and at sunset than at any other part 
of the day. 4th. It will at any given hour on the 21st 
of March be just as long as at the same hour on the 2l8t 
of September ; but at the same hour on any of the 
Summer days between those periods it will be shorter, 
and on any of the Winter days longer, than in Maich 
or September. 5th. The twelve o'clock shadow will, 
on every day in the year, be exactly north and south. 
The causes of these differences are to be found in the 
two-fold motion of the Earth; first, on her own axis, 
and secondly, round the Sun. The Sun is more elevated 
in Summer than in Winter; hence he casts smaller 
shadows in the former season. Again, he is more ele- 
vated at noon than in the forenoon or afternoon: hence 
again, the shadows are shorter at noon than at any 
other hour. 

The shadow of the stick, therefore, would give us 
some knowledge of the hour of the day and of the 
season of the year, by comparing its length at different 
times. But we shall gain much more information if 
we attend to the direction of the shadow, as well as to 
its length. For instance^ on the 21st of March and 
the 21st of September (the days of the vernal and 
autumnal equinoxes, when the lengths of the day and 
night are equal all over the world) the Sun rises exactly 
in the east, and sets exactly in the west. The shadow 
of the stick therefrom is cast due west at sunrise, and 
due east at sunset. In the Summer months the Sun 
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rises to the nortH of east, and consequently throws the 
shadow rather towards the south-west, while in Win- 
ter he rises southward of east, thereby throwing the 
shadow northward of west. Again, at twelve o'clock 
at noon, (in a northern latitude aboye the tropic of 
Cancer,) the Sun is always due south, and therefore casts 
a shadow due north. 

Now, if all these facts were carefully noted, and 
marks made in the ground by which the direction and 
length of the shadow might be compared at different 
times, much information as to the progress of time and 
the seasons might be acquired ; indeed a rude sort of 
Sun-dial would be constructed. All Sun-dials are 
merely contrivances, by which the shadow of the 
straight edge of a projecting piece of metal, or wood, 
becomes indicative of the number of hours that the Sun 
has been above the horizon, or, rather, the number of 
hours that he is distant from his meridian position. A 
stick, thrust upright in the ground, would even render 
information as to the season of the year in the following 
manner : — suppose an inhabitant of London (or of any 
other place in the same latitude, 51^°) fix a stick or rod 
upright in the ground, to the height of exactly two 
feet. Let him on the 1st of January note the shortest 
shadow thrown on that day, which will be at twelve 
o'clock at noon, as before stated. On measuring it he 
will find its length to be 7 feet 3| inches. Let him 
repeat the process on the 1st of each following month* 
and he will find that the shortest (or twelve o'clock) 
shadow will measure as follows:— 

Ft. In. 
Ist of February . . • .61 

March • . • . 3 4 

— April . ♦ . . 2 If 



Ft. 


In. 


1 


H 


I 


14 


1 


1 


1 


4 


1 


m 


2 


10 


4 


6 


6 


84 
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Ist of May .... 

June .... 

July . . . . 

August 

September 

October 

November 

December .... 

At any time afterwards, therefore, he can, by mea- 
suring the noon-day shadow of a vertical rod two feet 
high, form a rough idea of the season of the year. We 
must not be understood to attribute any practical value 
to the foregoing mode of determining times and seasons; 
but only to observe, that on principles similar to these 
Sun-dials are constructed. 

Our readers have probably seen a Sun-dial. It has 
been in some measure thrown into oblivion by those 
more convenient instruments, clocks and watches. The 
dial still remains, however, as an ornament on the open 
lawns of rural dwellings, where, fixed on a pedestal, it 
is exposed on all sides to the Sun. In some countries a 
Sun-dial is of more service than in others. In southern 
climates, where the atmosphere is purer and clearer 
than with us in the north, the dial is very necessaiy to 
adjust the clock by ; the shadow projected by the style 
being more marked and constant than with us, owing 
to the more uninternipted serenity of the heavens. An 
elaborate dial may be seen in Kensington Gardens, near 
the palace ; and mjiny old buildings, in and near the 
metropolis, contain these relics of the ingenuity of our 
forefathers. 

Dials are chiefly hoHzontal and vertical. But, 
whatever be their ppsition, there is always a project- 
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ing^ piece of metal or wood, the shadow of which, 
thrown on the dial, traverses a certain range of distance 
from one side of the dial to the other. The position of 
this index, or shadow-producing body, is a very im- 
portant part of the construction of a dial ; but, what-^^ 
ever be its shape, the edge which casts the shadow is 
called the style; the whole contrivance is termed the 
gnomon; and the part of the dial-plate on which the 
gnomon rests is the sub-style. 

We will now briefly describe the construction of a 
horizontal and a vertical dial; these being the most 
practically useful, and therefore oftenest met with. It 
should be observed, however, that the style of every 
dial must coincide, or be parallel, with the axis of the 
Earth. It must, therefore, be elevated as many degrees 
above the dial-plane, as will accord with the latitude of 
the place. The equability of the shadow projected by 
the style, can only be preserved at all seasons and all 
hours by the parallelism of the style with the Earth's 
axis ; because the apparent course of the Sun is thus 
at right angles with the style of the dial, as it is with 
the axis of the Earth ; whence, it will easily be seen, 
results the uniformity of the shadow. 

We construct a horizontal dial for the latitude of 
London, thus: — ^having described two concentric cir- 
cles, within which the hour-numbers are marked, as in 
the annexed figure, we draw two diameters at right 
angles to each other, as n s and w e. The east and 
west line, w e, need not pass through the centre. If 
drawn lower down, as in the figure, it gives greater 
scope for the shadow of the gnomon during the middle 
of the day, when the dial is most available. We next 
divide each of the two upper quadrants into six parts, 
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wbich divisiom, however, mnat not bo equal, bnt Ae 
following order moat be obeerred. From tbe tvelve 
o'clock to the one o'clock line must be an uigle of 
11° 61' ; from one to two o'clock = 12° 28'; from two 
to three = 13° 44'; from three toftinr = 15"32'; from 
four to five = 17° 31'; and from five to biz = 18" 54': 
which together make tip the quadrant of 90°. The 
same process mast he repeated on the other nde of the 
twelve o'clock line, and the dial will be prepay 




divided. The Etyle muRt then ho inserted where the 
six o'clock line croaaeg the meridian line, and it may be 
either a straight wire, or a thin piece of wood or metal 
formed into a right-angled triangle, as c a b, which ia 
the gaanan. In om: figure it appears to lie down, and 
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OTerlap some of the hour-lines beneath ; but when used 
it must be turaed up by a hinge at the side, b A, which 
is the sub-style. Thus, the gnomon is fixed upon the 
meridian or twelve o'clock line, n s, which is made 
double, in order to suit the thickness of the gnomon. 
"When perfectly upright, one end of the sloping edge 
coincides with the point b c. This sloping edge, b B, 
thus becomes parallel to the Earth's axis; for, in ad- 
justing the style, or constructing the gnomon, we made 
the style or line, b B, have an inclination equal to the 
latitude of the place = 51^'' at London. When the dial 
is thus constructed, the shadow of the oblique edge of 
the gnomon, b B, coincides successively with all the 
hour-lines, from eight in the morning till four in the 
afternoon at Midwinter, and from four in the morning 
till eight in the evening at Midsummer : these being 
about the extreme hours of sunrise and sunset in the 
latitude of London. To mark these hours on the lower 
quadrants of the dial, the hour-lines twelve hours off 
arc prolonged to the opposite part of the circle, as 
shown in the figure. The lines, a/, d d, are used when 
the angular distances of the hour-lines are taken from a 
scale. A horizontal dial for any other latitude must 
have the style arranged according to that latitude; 
and the hour-lines separated by angles which may be 
obtained from tables found in works on Dialling. 

In a vertical dial the style is still parallel to the 
Earth's axis, but the noon hour-line is directed down- 
wards. The style, in consequence, points downwards, 
and makes with the plane of the dial an angle equal 
to the complement of the latitude; that is, what the 
latitude wants of 90°. For London this is 38^°; which 
is the angle made by the style with the dial-plate* 
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The hom-anglea are aa follow: — ftom twelve to one, 
9° 26'; from one to two, 10° IT; from two to tlirae, 
12° 9'; from three to fonr, 1S° 15'; from four to five, 
IS" 33'; and from five to mx, 23° 18'. The croea-lines, 
a f,d e, are for takiDj; these distances off from the 
scales of honrs, latitudes, and chords. In other re- 
spects, the constnictioa of this dial will be similar to 
that of a horisontal dial. A vertical dial needs only 
to have one-half of the hour-lines drawn, as the Sun 
never casts a shadow on it before six in the morning, 
or after ais in the evening; its edges being directed 
east and west. 




Before proceeding further, we must explain the 
method of procuring a meridian-line, which is espe- 
cially necessary in the constmctioii of the horizontal 
dial, before mentioned. 
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Snppose we were about to lay a dial-plate horizon- 
tally on the slab, b, of the pedestal, c, in the accom- 
panying figure. We must, of course, make the double 
meridian-line coincide with the meridian-line, which 



\ / 
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we shall obtain thus: — Having made the slab leml^ we 
draw several concentric circles, and fix a wire perpen- 
dicular at the centre. Suppose, for instance, that at 
ten o'clock the shadow of the wire touches the third 
circle from the centre at a, when the Sun is shining 
at A ; at eleven o'clock the shadow touches the second 
circle; at half-past eleven o'clock, the innermost circle. 
We mark these places respectively where the shadow of 
the wire cuts each circle. At half-past twelve the Sun, 
having travelled round to a', cuts the innermost circle; 
at one o'clock, the second circle ; at two o'clock, the 
third circle at a\ "We mark the circles as before. 
Then dividing these arcs of the circles equally, we 
draw the line from w, through the points of division 
to the centre; which line lies where the shadow from 
the wire, ^, fell at twelve o'clock, solar time, and is 
continued to w'. 

By the aid of an Almanac and a little calculation, 
a Sun-dial may be made to indicate the hour, by the 
shadow cast by the Moon, in this manner: — Observe 
what hour-line is marked by the shadow of the style: 
then find the Moon's age in an Almanac; take three- 
fourths of that number, and add the result to the hour 
indicated by the shadow, and that will be the real hour 
of the day. For example, suppose the Moon s age to 
be twelve days, and the shadow of the style to mark 
four o'clock in the afternoon: we take three-fourths of 
twelve, which is equal to nine, and add that to four 
o'clock in the afternoon, which gives one o'clock in the 
morning as the real time. The reason of this is, ,that 
if the Sun and Moon were on the same meridian at the 
same instant on any given day, the Moon on the fol- 
lowing day would be about three quarter^ of an hour 
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later than the Sun in arriving at the same meridian: 
that deviation^ therefore, has to he calculated, and 
added to the ohserved time. This method of finding 
time cannot, however, be altogether depended upon, on 
account of the Moon not always rising three quarters 
of an hour later than on the day before. 

We observed that in climates not far removed from 
the Equator, the Sun-dial is more valuable than in 
regions nearer to the poles. We find accordingly that 
Babylon, or some neighbouring country, was the birth- 
place of the Sun-dial. Mention is made in the Bible, 
at the twentieth chapter of the Second Book of Kings, 
verse 11, of a Sun-dial as having existed in the time of 
Ahaz, which was about 7^ years B.C. The passage is 
this, — " He brought the shadow ten degrees backward, 
by which it had gone down in the dial of Ahaz." The 
word used for decrees in the original Hebrew is equiva- 
lent to our term steps. Hence, St. Jerome expresses an 
opinion that there was a pillar, or column, erected near 
a flight of steps, leading up to the king's palace, and 
that the step, on which the shadow of the pillar hap- 
pened to fall, indicated the position of the Sun at that 
moment. 

II. The Quadrant. 

The Sun-dial is used on land; but the Quadrant or 
Sextant is chiefly used by the mariner, to enable him 
to determine his situation on the Earth's surface by 
reference to the real or apparent motions of the celestial 
bodies, whose angular motions he estimates by the use 
of this instrument. The origin of it was at about the 
termination of the middle ages, when mankind in the 
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West had awakened up to the cultiTation of the. arts 
and sciences, and the pursuit of geographical knowledge. 
In the early part of the fifteenth, century, John the 
First, king of Portugal, had effected, some very im- 
portant conquests over the Moors; in which he. had 
been very materially assisted by his son. Prince Heniy, 
who, being an able and active-minded cavalier, took 
delight rather in the more solid glories of learning and 
science, than in the fame of war, in which he had, 
however, of late highly distinguished himself. Upon 
the cessation of hostilities he retired to the promontory 
of St.Yincent, and lived at the sea-port tovm of Sagres, 
which he had himself founded, where he cultivated 
the science of Astronomy, for the purpose of making it 
available to the mariner, in guiding him over the ocean, 
when he had ceased from the servile tracking of the 
shore. He, in fact, established a naval college, and an 
observatory. He engaged to his assistance all the 
best-informed men of his time ; and the point to which 
he especially directed his attention, was the practica- 
bility of sailing round Africa, and of thus reaching the 
East Indies. His ideas respecting the accomplishment 
of this project had been awakened, or enlarged, by 
intercourse with some well-informed persons at Ceuta, 
a town on the coast of Africa, opposite to Gibraltar, 
whither his father's military proceedings against the 
Moors had carried him. Prince Henry did not live to 
S^e the whole of his views accomplished; but the 
many minor discoveries which were effected under his 
auspices, laid up a fund of knowledge and • experience 
for succeeding navigators to profit by. Maps were 
formed under his superintendence; by which means all 
the geographical knowledge respecting the Earth was 
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brought together; the different parts were marked out; 
and the rocks, coasts, and quicksands to be avoided, 
were all noted down. About this time also was first 
invented and brought into use the Astrokd^*^ the 
original of the Quadrant :— * 



t 



£ 



\ 



Fig. 5§. 




THE ASTROLABE, OE QUADRANT. 

* A word formed from the Greek, implying to take the 
height of the stars. 
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That sage device, whose wondrous use proclaims 
Th' immortal honour of its authors' * names. 
The Sun*s height measured. 

It was in principle an arch, to the extent of a quartei 
of a circle, such as A b; and the rim was divided into 
degrees and half-degrees. Its primeTal use was to 
take the altitude of the North polar star, in order to 
determine the latitude of a place, which is its distance 
north or south from the Equator; for which purpose 
a plummet, c d, was suspended by a string from the 
centre of the instrument, c, and thus the angle of eleva- 
tion of the heavenly body was marked. An eye at B, 
sees the star, E, through the sights, aa!\ to make which 
observation the whole instrument must be so raised 
upwards, that the plumb-line, c d, shall fall Tertically 
upon the quadrantal arc, A B. The arc included be- 
tween A and a!' is the angular elevation of the star, e; 
or the angle E b f = 51°. 

To a person situated at the Equator, the polar star 
will appear in the northern horizon. In proportion as 
he advances northward, this star will gain in altitude; 
so that, when he shall have arrived at the pole itself, 
the star will be vertical to him; the pole being 90' 
north of the Equator : hence the latitude of the place 
corresponds (nearly) with the altitude of the polar star. 
These observations would, of course, only serve Ibi 
places in the northern hemisphere; as, on the southern 
side of the Equator, the polar star would be below the 
horizon. In the early stage of nautico-astronomical 
science, these considerations were sufficient for navi- 
gators; but now, to determine the latitude of a place 
accurately by an altitude of the polar star, corrections 

^ Two Jewish physicians, named Boderic and Joseph. 
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must be made for this star not being precisely vertical 
to the pole, but describing a small circle round it, owing 
to the diurnal revolution of the Earth. 

The modem Quadrant is an improvement upon the 
ancient Astrolabe ; and the Sextant is an improvement 
upon the Quadrant. Moreover, the Reflecting Circle is 
an improvement upon the Sextant. 

The Quadrant is more properly termed an Octant, 
because its arc embraces the eighth part of a circle, 
though we are thereby enabled to measure a quadrantal 
arc, or the fourth of a circle, = 90°. The Sextant, 
however, has an arc to the extent of one sixth of a 
circle ; but we are enabled by its means to measure an 
arc of 120°, or the third part of a circle. The Reflecting 
Circle, a still more accurate instrument than the forego- 
ing, has an entire circle graduated, and enables us to 
measure larger arcs than we could do with the before- 
mentioned instruments. 

The principle of these three comparatively modem 
instruments being the same, we proceed to iUustrate 
their nature and use, by reference to the following 
figure of the Quadrant. This instmment was in- 
vented, or adapted for use, by John Hadley, who, in 
the year 1731, first communicated its principles to the 
Royal Society, which were soon after published in the 
Philosophical Transactions. 

A is the frame-work of the Quadrant, and aflbrds 
convenience for grasping it during observations on 
board, b is the index, which tums on the centre of 
the circle, of which the divided limb, d, is a part or arc. 
The index, b, carries the index-glass, i, perpendicular to 
the plane of the index, and in a line with on the 
vernier scale, o. a is the fore horizon-glass half silvered, 
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and BO placed by means of its adjustment as to Ik 
parallel to the index-j^lass, when on the Temier is it 
on the limb n. e is a sight hole, throagh which tk 
hoiizon is seen through the nnsilvered part of the gl>» 
at o. At B is a Bet of coloured glasses, by lunt^ one « 
more of which we may protect the eye from the direct 
rays of the Snn. ef is the back horizon-glass and aglit. 
This glass is nlvcied at both ends, and in the middle 
there is a transparent slit, though which the horiua 
maybe seen. At l is a nick to prevent the index fma 
slipping off from the frame. 




Kow the Sextant is an instrument rather more finished 
nd nice in its construction than the foregoing : being 
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more delicately graduated, and having telescopes for 
more perfect and distinct vision. The limb, D, of the 
Quadrant is divided into 90 equal parts or degrees, 
which degrees are subdivided by means of the vernier, 
c, into minutes, 60 of which = 1 degree. But we more 
usually find that each of the degrees on the arc, d, is 
divided into thirds, each = 20'; each of which thirds 
is subdivided by the vernier into twentieths, or single 
minutes. 

In consequence of certain optical principles in the 
reflection of light, the arc, d, though only the eighth 
part of a circle, affords us an estimate of angles to the 
extent of 90®. We proceed, therefore, to show the tLse 
of this instniment. 

When " a sight," as it is commonly termed, is taken, 
or when an observation is to be made, — of the Sun, for 
instance, — the index, b, is moved along till the lower 
limb of the Sun is seen through the sight-hole, k, in the 
silvered part of the horizon-glass, o, and in the same 
line with the natural horizon seen through the unsil- 
vered part. Then the portion of the arc, d, over which 
the index has been moved, is the measure of the angle. 
This method of observing the altitude of a celestial 
body is termed the /ore observation. The other method 
is when the observer's back is towards the object, and 
jt is brought over to the opposite part of the horizon ; 
the observer then looks through e; and this mode ol 
observing is termed a hack observation. This latter 
method of observing is, however, very seldom used; and 
is requisite only when the horizon under the object is 
broken by adjacent shores, or rendered indistinct by 
fogs, or any other impediments. 

The principal use of the Quadrant is then to make 
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observations on board ship, — to find the altitude of ^ 
Sun or of a star ; that is, the angle which the elevation 
of snch heavenly body makes with a horizontal Hne, or 
the boundary line of the sea, as seen in the distance. 
This angle can never be more than 90% or the distance 
from the zenith to the horizon ; and the altitude of the 
Sun reaches this extent only at mid-day, and in certain 
latitudes. The Quadrant, therefore, whether with rela- 
tion to the Sun or a star, is always sufficient for taking 
the latitude ; but, as a larger arc is often necessary to 
be measured in finding the longitude by lunar distances, 
the mariner usually has recourse to the Sextant. 

In the absence of the Sun-dial, the Quadrant or Sex- 
tant is useful on land for the regulation of time by 
equal altitudes of the Sun. If we wish to regulate a 
watch or clock by this mode, we observe by the time- 
piece at a certain moment before noon, say one honr, 
the precise altitude of the Sun. We then wait till the 
Sun has passed the meridian, and endeavour to notice 
the precise moment when the altitude of the Sun is 
the same as we took it before noon. It is clear that, as 
the Sun continually rises in the heaven till mid-day and 
then begins to sink, the arc comprised between the two 
altitudes must be equally divided by the meridian of the 
place on which the Sun is at twelve o'clock. If the 
times of the semi-arcs be equal, the time-piece is right 
by the Sun. If, however, the times of the semi-arcs be 
unequal, the clock or watch must be adjusted thus :— 
At eleven o'clock, we suppose that we observed the Sun 
to have a certain altitude, by our time-piece, which we 
wish to correct. At twenty minutes past one, we ob- 
serve the Sun to have precisely the same altitude. The 
time from eleven o'clock till twenty minutes past one 
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being divided, gives us ten minutes past twelve, by our 
time-piece, as the moment of the Sun's crossing the 
meridian; thereby showing that our time-keeper was 
ten minutes too fast by the Sun. If we rectify accordr 
ing to this amount, and allow for the equation of time, 
we have obtained the true clock time for the place of 
observation. 

It is, however, necessary to observe that, in using the 
Quadrant, Sextant, or Reflecting Circle by land, to take 
the altitude of celestial objects, the visible horizon, 
owing to its irregularity, is of no use to us. We thera- 
fore use an artifhial hori2son, which consists of a surr 
face of quicksilver in a wooden trough, with a smooth 
piece of glass laid on the top of it. The whole is 
covered with two panes of flat glass placed in the foroi 
of a roof, to prevent the quicksilver being agitated by 
the wind. 

Fig. 58. 
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A B is the box and roof: c is the pane of glass within, 
floating on the mercury, which of course lies horizontally. 
A ray of light coming from the Sun at s, falls on the 
glass at c, and is reflected at an equal angle to the eye 
at E. The angle is found by making the image in the 
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BERSATioN OF LiGHT. (Latli)^ from ob, from, et'TOy to wan- 
der.) The deviation of the direction in which a spec- 
tator sees a planet, star, &c., from the true one, as ex- 
pressed by a straight line, supposed to be drawn from 
his eye to the object. This deviation is caused by the 
change of place in space of the Earth, and therefore of 
the spectator, effected during the time taken by light 
to travel from the object to him. In consequence of 
this motion, the axis of the telescope through which 
we see any body as distant as the planets and stars, at 
any moment, is not coincident with the line that would 
really pass through the object at that moment. 
ACCELERATION, of the Moou's mean Motion. A secular vari- 
ation in that mean motion, occasioned by one in the 
eccentricity of the Earth's orbit. The Moon is quick- 
ened in her motion round the Earth, in consequence of 
the diminution of the eccentricity of the Earth's orbit, 
causing her motions to be less influenced by solar attrac- 
tion. This acceleration will go on, for countless ages 
to come, till the eccentricity has reached a minimum ; 
when it begins again to increase, the acceleration will 
become a retardation, 
Acceleration, of Nebulous Comets, which produces a dimi- 
nution in their periodic revolution, is occasioned by the 
resistance experienced by such highly attenuated bodies, 
in moving through an ethereal medium, which appeai-s 
to fill space. 
A.CHRONICAL Rising or Setting of a Planet or Star, is when 

it rises at sun-set, or sets at sun-rise. 
/Era. a certain period of time, from which chronologista 
and astronomers begin their computations. 
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Algol. Tlie (Arabic) name given to the fixed star, /3 Peisei. 
It is a yariable star, remaining of the brightness desig- 
nated the second magnitude for about two days, and 
then suddenly diminishing to the fourth magnitude, and 
regaining its splendour in about seven hours ; the period 
of this alternation is 2^ 2(^ 4S^, 

Almacanters. Certain imaginary circles which, in erery 
position of the globe, are supposed to be drawn parallel 
to the horizon. They are parallels of altitude. 

Altitude. (Latin, height.) The arc of an azimuth circle 
passing through a star, planet, &C., intercepted between 
the star and the horizon. 

Altitude, Meridional. The altitude of a star, &c., when on 
the meridian. 

Amphiscii. (Greek, from afi(f>is, on both sides, and <rcio, a 
shadow.) The inhabitants of the torrid zone; so 
called, because their shadows fall at one time of the 
% year towards the north, and at another southward. 

Amplitude. (Loktinyextensiveness.) The arc of the horizon 
comprised between the east or west points, and that at 
which a planet, star, &c., either rises or sets. 

Angle of Position of a Star, is an angle formed by two 
great circles intersecting each other in the place of the 
star, the one passing through the pole of the equinoc- 
tial, the other through the pole of the ecliptic. 

Anomaly. (Greek, from a, without, o/aoXos, equaL) The an- 
gular deviation from the mean place of a planet, &c., 
as conceived to move in a circular orbit ; in consequence 
of its real unequal motion in an elliptic orbit. 

Anomaly, Mean. The angular distance between the perihe- 
lion and the mean place of a planet at any period of its 
revolution. 

Anomaly, True. fcThe angular distance between the perihe- 
lion and the true place of a planet^ &c., at any period 
of its revolution. 

Anomaly, Eccentric. The angle at the centre of the imagi- 
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nary circular orbit of a planet, &c., described on the 
major axis of its elliptic orbit, formed bj radii drawn 
to the point of the perihelion and to the mean place of 
the planet. 

Antecedentia. (Latin, a going before.) A motion of the 
heavenly bodies contrary to the order of the signs. 

AimpoDBs. (Greek, oirrt, opposite to, and irodcr, feet.) 
Those who are exactly on the opposite side of the Earth. 

Amtobci. (Greek, from ayrt, opposite to, and otxeo), to dwelL) 
Those who live on the same meridian, and at the same 
degree of latitude, but on the opposite side of the equator. 

Afhelion. (Greek, tmoy distant from, ^cor, the Sun.) The 
point of a comet's or planet's orbit at which it is 
&rthest from the Sun ; it is the vertex of the major 
axis of the mean elliptic orbit. 

Apogee. (Greek, airoy distant from, 717, the Earth.) The 
point of the Moon's or a planet's orbit at which it is 
most dbtant from the Earth. 

Apsides. The two points in the orbit of a planet, in which 
it is at its greatest and least distance from the Sun. 
The line joining those points is called the line of the 
apsides, 

Abc. (Latin, arcusy a bow.) The measure of angular 
distance. A diurnal arc is that described by the Sun, 
or other heavenly body, from rising to setting. The 
nocturnal arc is from setting to rising. 

Arcturus. The name for a Bootis. It has a propeir 
motion, causing an annual average decrease in right 
ascension of 1*2", and in declination of 2^'. 

Aries. (Latin, a r<tm,) A constellation near the ecliptic; 
one of the intersections of the planes of the ecliptic and 
equator was situated in this sign about 2230 years ago: 
hence, ever since, this intersection has been called the 
first point of Aries, as being that from which the divi- 
sion of the ecliptic into signs commences. The cha- 
racter for this constellation is y. 
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Ascension, Right. (Latin, from eucendoy to climb, to 
mount.) The distance of the point, in which a sneri- 
dian passing through the centre of a star or planet cuts 
the equator, measured on the equator in degrees from 
the first point of Aries. 

Ascension, Oblique. The arc' of the ecliptic intercepted 
from the first point of Aries, by a meridian passiDg 
through the centre of the star or planet. 

Ascensional Difference. An arc of the equinoctial, con- 
tained between that point of it, which rises with the 
Sun, Moon, or star, and that which comes to the 
meridian with them ; or it is the time the Snn rises 
or sets, before or after six o'clock. 

Ascn. (Greek, a, without, and <r#cta, a shadow.) Those 
people who have the Sun in their zenith at midday, 
and so have no shadow. 

Aspects. Certain positions of the planets, as referred to 
the ecliptic. 

Astronomy. (Greek, from aspovy a star, vofxosy a law.) 
The science which treats of the motions of the Earth 
and heawenly bodies, and of the laws governing those 
motions ; it is divided into 

Astronomy, Physical, which investigates the laws of the 
motions of the Earth and other planets, their satellites, 
&c., and the oscillations of the fluids at their surfeces: 
it is a branch of mixed mathematics. 

Astronomy, Practical, which treats of the use of instruments 
in observing the positions, &c., of the heavenly bodies, 
and of the means for calculating their future rela- 
tive positions from the data furnished by observa- 
tions. 

Atmosphere. (Greek, arftof, vapour, and axjxupay a globe.) 
The air which surrounds the Earth. 

Attraction. (Latin, a dramng towards,) A property of 
matter, by which bodies approach each other, without 
any sensible agent drawing or impelling them. 
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Axis. (Latin, an axle-tree,) The diameter on which a 
planet, &c., revolves. 

Azimuth op a Star, &c. The arc of the horizon inter- 
cepted between the meridian and the great circle pas- 
sing through the star and the zenith. 

Azimuth Circles. All great circles passing through the 
zenith and nadir of any place on the Earth's surface. 

Binary Stars. Some of the fixed stars when examined 
by a powerful telescope are found to be attended by a 
second, which either revolves about the first, or else 
both appear to revolve about a common centre of gravity. 
The most remarkable binary stars are, y Virginis, 
rj and y Coronse, Castor, f Bootes, t and X Ophiuchi, 
€ Arietis, Atlas Pleiadum, i; and C Herculis, y Leonis, 
and f Urs8B Majoris. 

Bissextile. (Latin, double-sixth,) Leap-year was so called 
by the Romans, because they reckoned the sixth day 
of the calends of March twice over. 

Cardinal Points. (Cardinal, from the Latin cardoy a 
hinge.) On the horizon, they are the four chief points 
of the compass, on which the others depend : east, west, 
north, and south. The cardinal points of the ecliptic 
are the first points of the signs Aries, Cancer, Libra, 
and Capricorn. The cardinal points of the heavens are 
the zenith, the nadir, and the points where the Sun 
rises and sets. 

Centrifugal Force. That which a body, constrained by 
gravitation, or other power, to revolve in a curve, con- 
tinually makes to fiy off in a right line, a tangent to 
that curve. It is the antagonist force to gravitation, 
through which, a body revolving in an orbit, is pre- 
vented from falling to the larger one which attracts it. 

Centripetal Force. That force by which any revolving 
body tends towards the centre of its orbit. Centrifugal 
is centre-fljfing ; centripetal, centre^seekif^ : both from 
the Latin. 
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CiBcn]fF0i(4B Stabs. Such as reyolre about the Pole-Siar, 

Climate. (Greek, an inclination of the hea/oenL) A part of 
the Earth contained between two small circles parallel 
to the equator ; and of sach a breadth, that the longest 
day In the parallel nearer to the pole, exceeds the long- 
est day in the parallel of latitude nearer the equator, 
by half an hour, in the torrid and temperate z<mes ; or by 
a month m the frigid zones: — so that there are twenty- 
four climates between the equator and each polar circle, 
and six climates between each polar circle and its pole. 
Hence, it appears, that all places situated on the same 
parallel of latitude have the same dimate, astronomi- 
cally speaking ; but we must not infer from thence, 
that they have the same atmospheric temperature. 
For this reason, and because the division of the Earth's 
surface into climates is only arbitrary, and founded 
upon no precise rule ; such a division is not now much 
used in Astronomy, but belongs rather to the depart- 
ment of Physical Greography. 

CoLLiMATioN, LiNE OF, (Latin, an aiming a^,) is an imagi- 
nary line joining the centres of the eye-glass and object- 
glass of a telescope. 

CoLUBES. Two great circles, or meridians, one of which 
passes through the solstitial points. Cancer and Capri- 
corn, and the other through the equinoctial points, 
Aries and Libra. 

Comet. (Greek, from KOfirj^ hair.) Bodies, or masses of 
vapour, moving through space, either in parabolic or 
extremely eccentric elliptic orbits, having the Sun in 
the focus : in the case of an elliptic orbit, the comet 
revolves periodically about the Sun like a planet ; as 
it is probable most of those do which have appeared to 
belong to our solar system. 

GoMPBBSSiox. (Latin, pressing together,) The difference 
between the polar and equatorial diameters of an ellip- 
soid or spheroid of revolution. 
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CoKJUKcnoN, is when two stsrSy seem from the Sun or 
the Earthy appear in the same point of the heavens, or 
answer to the same degree of the ecliptic 

CoNSEQUENTiA. (Latin, foUowing wUh») A motion of the 
planets, according to the order of the signs. 

CoNsrELLATioN. (Latin, skurs clustered.) A gronp of the fixed 
stars, to which the name of an animal, or other object, 
has been given, either merely for distinction's sake, or 
from some fancied resemblance. 

CosMiCAL Rising or Setting of a Planet or Star, is when it 
rises with the Sun in the morning, or sets with him in 
the evening. The terms cosmicaly achronical, and 
heliacaly were used by the old poets in reference to the 
rising and setting of the Sun ; but the derivation of 
the two former, wath regard to their accepted meaning, 
is by no means clear and satisfactory. 

Culmination. (Latin, ridge of the roof of a house.) The 
act of coming to the meridian, in the case of any star 
or planet, b so called, because it then attains its 
greatest altitude. 

Curtate Distance. (Laiiny foreshortened.) The length of 
the line drawn from the centre of the Sun to the point 
in which a perpendicular to the plane of the ecliptic 
meets that plane when drawn from the centre of the 
planet. The curtate distance of a planet is the co- 
ordinate projection of the radius vector on the plane of 
the ecliptic 

Cusps. (ItaiiUy points.) The horns of the crescent Moon are 
thus designated in astronomical language. 

Cycle. (Greek, Kvickogy a circle.) A series of changes^ 
which, being completed, the cycle begins again. 

Dat. The portion of time occupied by one revolution of a 
planet, &c., on its axis. With regard to the Earth, 
this interval is ascertained by the successive return of 
any meridian to any heavenly body ; the day is accord- 
ingly either solar or sidereal. 
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Dat, Apparent Solar. The time which elapses between the 
return of the Sun's centre to the same meridian, and 
varies from day to day during the year, owing to the 
unequal motion of the Earth in its orbit, and to the 
obliquity of the ecliptic. 

Dat, Mean Solar. The time which would elapse between 
the consecutive returns to the same meridian of an 
imaginary mean sun, supposed to move in the plane of 
the Equator with a constant motion, being the mean 
of the real Sun's motion in right ascension: it is, 
therefore, the mean of all the real days and fractions 
of a day which make up the tropical year. 

Dat, Mean Sidereal. The time which elapses between the 
consecutive returns of any, the same, fixed star to the 
same meridian. It h immutable and unyaiyirg.be- 
cause the revolution of the Earth on its axis is proved 
to be, and ever to have been, performed in precisely the 
same interval of time ; and the star being at an infinite 
distance, when compared to the diameter of the Earth's 
orbit, the diurnal revolution of the Earth referred to 
that star is^ precisely the same as if the Earth stood 
still in space, and only turned on its axis. 

Day, Astronomical, is reckoned from noon to noon, and 
consists of twenty-four hours. This is a natural orftiU 
day ; being of the same length in all latitudes. The 
Nautical day used at sea is similar ; but this latter 
begins twelve hours before the Civil day, and the 
former twelve hours after : the Civil day begins at 
midnight, and is likewise a full day. 

Day, Artificial, is the time elapsed between the Sun's ris- 
ing and setting, and varies with the latitude of the place. 

Declination. (Latin, from declinOy to decline, to deviate.) 
The arc of a meridian intercepted from the equator by 
the centre of a planet, or star, &c. 

Dichotomized. (Greek, bisected, or divided in two,) A 
term applied to the half-moon. 
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Digit. The twelfth part of the Sun's and the Moon's appa- 
rent diameter. 

Direct. A planet is said to have a direct motion^ when it 
moves according to the order of the signs. 

Disk. (Latin, discuSy a quoit.) The round fece of the Sun^ 
and of the Moon, appearing flat, owing to their great 
distance. 

Dominical Letter. One of the first seven letters of the 
Alphabet, usually marked in red, and used in Alma- 
nacs for distinguishing the Sundays thoughout the 
year. 

Earth, considered astronomically, is one of the planets 
revolving round the Sun, which, with it and the 
comets pertaining, constitute the Solar system. 

EccENTRiciTT, of an Ellipse, is the distance of either focus 
from the centre. (Greek, eie, from, Kcvrpoi^, a centre.) 

Eclipse. (Greek, a failure.) When a planet, or satellite, 
is partially or totally hid from our view, by the inter- 
position of another planet or satellite, the former is said 
to be eclipsed by the latter : an eclipse also happens 
when a satellite passes througli the shadow of its pri- 
mary ; but it is usual to apply the term only to the 
obscuration of the Moon, by the shadow of the Earth, 
and to the obscuration of the Sun by the body of the 
Moon ; while the passage of the Moon over any of the 
stars or planets is commonly termed an occtdtaHon. 
When Mercury or Venus is seen to pass across the dbk 
of the Sun, the phenomenon is termed a transit. 

Ecliptic. The plane of the Earth's mean orbit, considered 
as a standard, to which the orbits of the other planets 
and satellites are referred. 

Elements. Certain quantities relating to the motion of a 
heavenly body, deduced from observations and from 
the general laws of gravity, by which its mean orbit in 
space may be precisely determined ; and, by means of 
calculations made from these statements, its position in 
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thai orbit may be ascertained at any instant, past or 
fatnre. There are seven of these elements pertaining 
to a body moving in an elliptic oibit. !• The greater 
axis. 2. The eccentricity. 3. The longitude of the 
perihelion. 4. The longitude of the ascending node. 
5. The inclination of the orbit to the plane of the 
ecliptic. 6. The longitude of the epoch. 7. The pe- 
riodic time of the body's revolution in the orbit. 

Elevation of the Pole, (from the Latin, lifting t^,) is an 
arc of the meridian, contained between the pole and 
the horizon, which is always equal to the latitude of 
the place, or the distance of the zenith from tiie 
equator. 

Ellipse, (from the Greek, cXXenra, to pass over, leave out) 
The section of a cone by a plane, not parallel to that of 
the circular base of the solid, which plane cuts both 
sides of it. The mean orbits of aU the planets and 
satellites are ellipses, the Sun or the primary occapy- 
ing one of the foci. 

Elliftic. An adjective formed from the preceding word, 
and applied to the orbits of the planets, &c., to distin- 
gubh them frt>m those of comets and asteroids, which 
are apparentfy parabolic. 

Elongation. (Latin, distance off,) The angular distance 
of a planet from the Sun. 

Ehersion. (Latin, an issuing out*) The time when a 
secondary planet, that has been eclipsed, b^^ to 
recover its light. 

Epact. (Greek, to he added,) The number of days to U 
added to the Lunar year to make it equal to the Solar 
year. 

Epicycloids. (Greek, cin, upon, KvicKoi, a circle.) These 
are formed by one circle rolling upon the circumfe- 
rence of another, instead of in a straight line. 

Epoch. (Greek, eiroxn, retention, delay.) A point of time 
signalized by some remarkable event, from which time 
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other subsequent events are dated. Hence, in astro- 
nomy, if the position of a heavenly body at any period 
be determined, by observation of its relative position to 
others at that time, that time becomes an epoch for that 
body, and the longitude of it then is one of the ele- 
ments, by means of which its position at any other 
times may be calculated. 

Equation. In astronomical language certain quantities are 
so termed, which are to be added or subtracted from 
the mean data, to obtain the true data for calculating 
any phenomenon. See following. 

Equation of Centre. The angle formed by two radii 
vectores drawn from the centre of the Sun ; one to that 
of the planet in its true place, and the other to the 
point where the planet would have been, if it had 
moved equably in a circular orbit, of a radius equal to 
its mean distance, and having the major axis of the 
elliptic orbit for its diameter. 

Equation of Time. The difference between that indicated 
by the Sun, called apparent time, and that given by a 
clock adjusted by an imaginary Sun supposed to move 
in the equator with a constant equable mean motion. 
(See time.) 

Equation, Annual. A lunar perturbation in longitude caused 
by the variation in the distance of the Earth from the 
Sun, owing to the eccentricity of the Earth's orbit. 
When the Earth is in its perihelion, the increased at- 
traction of the Sun dilates the lunar orbit, and, conse- 
quently, diminishes the Moon's angular motion; but 
the reverse takes place when the Earth is at the aphe- 
lion. This change in the Moon's angular motion is the 
annual equation. 

Equator. (Latin, from cequtUy equal.) The great circle of 
a sphere ; the plane of which is at right angles to the 
axis of rotation. The terrestrial equator is the imagi- 
nary line on the Earth's surface, which is everywhere 
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equally distant' from both poles. All places on this 
line have the day and night. equal all thielyear.roxuid. 
The ca^io/ equator is the circle, of the imaguiary 
sphere, which is everywhere ninety degrees distant 
from the two poles : it is, in fact, the terrestrial equa- 
tor carried oiit to the starry heavens. 

Equinox. (Latin, eqtMtl night,) The Earth is said to be in 
the equinox when she is in those points of .her orbit, 
at which the radius vector lies in the plane of the 
equator. This occurs twice a year, and at these times 
the day and night are of equal length all over the 
Earth. 

Equinox, Autumnal ; that in which the Earth is when 
the Sun, having no declination, is about to attam 
South. 

Equinox, Vernal; that in which the Earth is, when the 
■ Sun has no declination and is about to attain North 
declination. 

Equinoxes, Line of. The line joining the two points in the 
Earth's orbit, where she is when the Sun's centre is in 
the plane of the equator. 

Ether. A fine subtle fluid, which is supposed to fill the 
whole celestial space between the heavenly bodies and 
our atmosphere. 

EvECTioN. (Latm, carrying <mt.) A perturbation of the Moon 
in the line of her radius vector, being the result of one 
portion of the Sun's attraction,. when that attraction is 
decomposed in the direction of that line, and in another 
tangential to the Moon's orbit. The evection tends to 
diminish or increase the eccentricity of the lunar orbit, 
but its effects depend on the position of the' line of the 
apsides, and on the Moon's distance from the perigee. 

Facul^. (Latin,' little torches.) These are bright spota 
seen on the fiEice of the Sun, or other heavenly body. 

Focus. (Latin, aflre-place, or source of heat,) : One of the 
two points from which an ellipse is generated. The 
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Sun is in one of the foci of the Earth's orbity and is its 
source of light and heat. 

Gai^xy. (Greek, milky,) A name given to the large nebu- 
lous zone in the heavens, commonly called the miUy 
way. 

Geocentric. (Greek, central. Earth.) The latitude and 
longitude of a planet, &c., are so called, as determined 
from the Earth, and not when referred to the Sun as 
the centre of the celestial sphere. 

Gibbous. (Hebrew, convex.) That phase of the Moon, 
which is greater than half, and less than full. 

Golden Number. The ordinal number of any year in the 
lunar cycle. 

Gravitation. (Latin, weigMiness.) That power, in obedi* 
ence to which every material atom attracts, and b 
attracted by, every other with a force varying inversely 
as the squares of the distances at which they are apart. 
The sensible weight of all terrestrial bodies is the 
result of the attraction of gravitation of them by the 
Earth. 

Gravitation, Laws of. 1st. It is ^»r^^ proportional to 
the mass. 2nd. It varies inversely as the squares of 
the distances. 

Great Circle, of a Sphere, is that formed by the intersec- 
tion of the spherical surface with any plane that passes 
through the centre of the solid. The principal great 
circles referred to in Astronomy are the Equator, the 
Ecliptic, the Meridians, and the Azimuth circles. 

Gyration, Centre, or Surface of, (Latin, turning,) is 
that point or surface in a body that rotates on an axis, 
into which, if the whole mass could be concentrated, 
the angular velocity of rotation produced by a given 
force would remain the same. In a solid sphere, the 
radius of the sphere of gyration is equal to the square 
root of two-fifths of the radius of the sphere. 

Heliacal. (Greek, relating to the iSfun,) The rising of a 
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star or planet ib aud to be lieliaca!, when it qppeais a 
little before that of the Sun : and when the star or 
planet, at its setHng, is so hid in the Sun's beams as not 
to be seen above the horizon after him in the eveniiig, 
it is said to set heliacally. 

Heliocentric. (Greek, central. Sun.) The latitude and 
longitude of a planet are called heliocentric^ when they 
are supposed to be referred to the centre of the Sun, 
and not as seen from the Earth. 

HBTEROscn. (Greek, erepos, one way or other, a-Kia, a sha- 
dow.) A name g^ven to the inhabitants of the tem- 
perate zones, because their shadows at noon always M 
one way, north or south. 

Horizon. (Greek, opt^o), to bound.) The sensiUe horizon 
is the circular boundaiy of sight; the rational horizon 
is an imaginary plane, passing through the centre of 
the Earth, parallel to the sensible horizon. The latter 
determines the rising and setting of the hearenly bodies. 

HouR-CiRCLES. Meridians. 

Hyperbola. (Greek, from vTre/jjSaXXa), to exceed, pass over.) 
A section of a cone, the plane cutting the opposite co- 
nical surfaces; hence, the curve is formed of two 
unconnected branches, each indefinitely extended in op- 
posite directions, and each branch having a focus situated 
within its concavity and lying in the principal or 
transverse axis. No heavenly body that we know of 
has the hyperbola for a mean orbit. 

Immersion. (Latin, a dipping into,) The moment when a 
satellite enters into the shadow of its primary. 

Inclination of an Orbit. The angle, formed by the plane 
of the orbit of a heavenly body, with the ecliptic. 

Inequalities. The qucmtities by which the real portions 
of the heavenly bodies are made to deviate from their 
mean places, in consequence of the disturbances pro- 
duced in their motions by their mutual attraction; 
these inequalities are of two kinds. 
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Inequalities, Periodic; those produced in the meoa 
motioDS of the planets and satellites, from their rela- 
tive positions in their respective orbits. They are so 
called, because they pass from the minimum to the 
maximum of their effects, and back again, in compara- 
tively short periods of a few months, years, or centuries. 

Inequalities, Secular; those. produced in the mean mo- 
tions of the planets, &c., by the relative position of 
their orbits, whose forms and situations are altered in 
consequence, by exceedingly minute quantities in 
immense periods (aascula) of time. 

Inferior Planets are those, whose orbits are between the 
Sun and the orbit of the Earth : they are also called 
interior. 

Ingress. ( Latin, entrance,) Thb term is usually employed 
to denote the Sun's entrance into any of the signs of 
the Zodiac. 

Invariable Plane, of a system of bodies in motion, such 
as those constituting the solar system, is stationary in 
infinite space, if the common centre of gravity of the 
system is so; but if this centre of gravity imove in 
space, the invariable plane always moves parallel to 
itself. The invariable plane is such, that the sum of 
the products of each mass multiplied into the projec- 
tion on this plane of the areas, described in a given 
time by the radius vector of each mass respectively, 
will be a maximum. ' 

Latitude, (from the Latin, width,) The terrestrial latitude 
of any spot on the Earth's sur&ce, is the arc of the 
meridian of that spot, included between it and the 
equator : it is termed north or south, according as the 
place lies on one or the other side of the equator. 

Latitude, Celestial. The latitude of any heavenly body 
is that arc of a great circle passing through the body 
and the poles of the ecliptic, which is intercepted 
between the body and the ecliptic. 

Y 
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Latitude^ Hbliocentbic. That of aixy planet as determined 
with reference to the Sun's centra and not as seen firom 
the Earth. 

hjLTnxTDBy Gbogxntric. That of a planet aa seen from the 
Earth* 

Lbssbb Cisclbs^ are those whose planes do not pass through 
the centre of the Earth. 

LiBBATioN. (Latm, hdkmcing.) The difference in the 
quantity of the Moon's snrfiEM^e that hecomes lisible 
according as it is viewed from different points of that of 
the Earth, is termed the libration of the Moon ; also 
the oscillation that takes place of the greater equatorial 
diameter of a satellite about its radius yector, that 
greater diameter being always directed towards the 
primary, in consequence of the attraction that draws 
the equator of the satellite out of its circular figure. 

Longitude. (From the Latin, length,) The terrestrial 
longitude of any spot on the Earth's suriace^ is the 
arc of the equator intercepted between the meridian of 
that spot and the prime meridian from which the lon- 
gitude is reckoned. 

Longitude, Celestial, of any planet, &c., is the arc of the 
ecliptic measured from the vernal equinox to the point 
where a great circle, passing through the planet and 
perpendicular to the plane of the ecliptic, cuts the 
ecliptic. 

Longitude, Heliocentric. The longitude of a planet, &c., 
as it would be determined if seen from the Sun's centre. 

Longitude, Geocentric. That of a planet as seen from the 
Earth. 

Lunation. (Latin, Luna^ the Moon.) The time which it 
takes the Moon to go through all her phases^ or the 
time from New Moon to New Moon again ; ;being the 
synodical month of about 29^ days. 

Macule, (Latin, dark spots,) which appear on the iace of 
the Sun, or other heavenly body. 
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Magnitudes. The different apparent sizes of the ^ed 
stars. 

Mean ; a number or magnitude intermediate to two others : 
it is of two kinds. The arithmaieal mean is equal to 
half the sum of the given magnitudes or numbers ; the 
geometrical mean is equal to the square root of the 
product of the two numbers or magnitudes. The mean 
of more numbers or magnitudes than two is found, by 
dividing their sum by the number of them. 

Mean Distance, of a Planet, or Satellite, is half the major 
axis of its orbit, conceived as a conic section. 

Mean Radius, of a Spheroid, as the Earth may be consi- 
dered to be, is the mean between its greatest and least, 
or between its equatorial and polar, radiL 

Mean Time. See Time. 

Meridian, (Latin, meridies^ quasiymediuS'dieSy mid-day or 
noon;) generaiU^^ all great circles, produced on the 
imaginary surface of the celestial sphere, by planes 
passing through the axis of rotation of a planet. The 
meridian of any specific place on the Earth's sur&ce is 
such a circle, or the plane producing it passing through 
that place. Also the line supposed to be drawn on the 
Earth's surface, through all those spots on it which 
have the Sun on their meridian, at the same instant of 
time. 

Month. This word is derived from Moon. The periodical 
Month is the time in which the Moon would pass 
once round the Earth, if the Earth were at rest. For 
the synodical month, see Lunation. The solar or ca- 
lendar month is the time taken up by the Sun in pass- 
ing through one of the signs of the Zodiac. 

Moon. A secondary planet or satellite. 

Multiple Stabs. Certain of the fixed stars, which appear 
single to the naked eye, are found, when examined by 
good telescopes, to consist of a system of two or more 
apparently bearing the relation to each other of a Sun 

¥2 
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and planets ; and the periods of some of these revolt 
ing systems have been partially ascertained. See 
Binary Stars. 

Nadib. This is the point in which the line, sapposed 
to be drawn through a spectator's position on the 
Earth's surface and its centre, would cut the celestial 
sphere on the other side of the Earth. The nadir of 
any spot on the Earth's surface is the zenith to the 
antipodal spot, and conversely. 

Nebuue. ( Latin, mists,) Bright spots in the heavens of dif> 
ferent sizes, forms, and character, produced by clusters 
of stars, so situated as to appear very near each other; 
in some nebule, however, no stars are distinguishable. 

Nodes. (Latin, knots.) The points in which the orbit of a 
planet, comet, or satellite, cuts the ecliptic 

Node, Ascending. That node in which the planet, &c., is 
when about to attain north latitude. 

Node, Descending. That node in which a planet, &c., is 
when about to attain south latitude. 

Nodes, Line of. The imaginary line joining a planet's nodes. 

Noon, Apparent. The time when the Sun comes to the 
meridian. 

Noon, Mean. Twelve o'clock, as shown by a correct clock. 

Nucleus. (Latin, a kernel,) A term used to express the 
bright stellar point of a comet. 

Nutation. (Latin, a nodding,) A periodic variation of the 
direction of the Earth's axis in space, occasioned by 
the action of the Sun and Moon on the equatorial 
parts of the Earth. The amount of nutation depends 
on the relative position of the Sun and Moon. The 
Moon causes the Earth's axis to describe a small ellipse, 
having its major axis directed towards the pole of the 
ecliptic. 

Nutation of the Lunar Orbit. A periodic variation in 
the angle of inclination of the plane of the Moon's 
orbit to the equator, produced by the spheroidal figure 
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of the Earth. It is the reaction of the nutation of 
the Earth's axis. 

Nycthemeron. (Greek, wf, night, and ^fifpoy day.) A 
full day of twenty-four hours. 

Obliquitt of the Ecliptic with the Equator, is the angle 
formed by their planes. 

Occult ATioN. (Latin, a hiding.) When a star or planet 
is concealed from us by the body of the Moon, it is said 
to be occulted. 

Octants. (Latin, eights.) Pohits in the Moon's orbit be- 
tween the syzygies and quadrature where the central 
disturbing force is zero. The octants are nearly at 55% 
125% 235% and 305*. 

Opposition. An aspect of any of the heavenly bodies, when 
180° apart. 

Orbit. (Latin from orbis^ a circle.) The imaginary curved 
line described in space by the centre of a body acted 
on by gravity and centrifugal force ; the mean orbit iff 
always a conic section, but the true orbit is constantly 
deviating from the mean, in consequence of the pertur- 
bations produced by the attractions of the other planets. 

Parabola. A conic section, the cutting plane being parallel 
to a side of the solid; hence, the curve consists of one 
indefinitely extended branch, having a focus in its axis. 
The orbits of those comets which do not appear to 
return to our system, are considered as parabolas ; that 
is, they are virtually such, for the small portion of 
them which we can observe the comet to trace. 

Parallax. (Greek, from irapdhXarrdHy to transmute, to pass 
over.) Generally y the difference between the angles 
subtended by two points, when viewed from two 
separate situations. Hence, the horizontal parallax of 
the Sun, Moon, or planet, is the angle which the 
Earth's semi-diameter subtends at their centre, when 
they are at the horizon. When the Sun, &c., is not in 
the horizon, its parallax is the angle formed at its 



326 OLOSSABT. 

centre, by two straight lines ; one dntwn to that of the 
Earth, the other to the point on its sarSacey where the 
spectator is Edtuated. The annual ptu^aUax of a fixed 
star is the angle which the mean diameter of the 
Earth's orbit subtends at the star, and is apparently 
inappreciable. 

Parallels of Latitude, are circles drawn parallel to the 
equator on a terrestrial globe. 

Penumbra. (Latin, pency almost, and umhray a shadow.) 
The light given out by the Sun when partially eclipsed, 
either to the Earth by the Moon passing before him; 
or to the Moon, by the Earth passing before him. 

Perigee. (Greek, about the JEarth.) The point in the 
orbit of the Moon, or of a planet, in which it is nearest 
the Earth. 

Perihelion. (Greek, aibota the Sun.) The point in a pla- 
net's or comet's orbit, when it is nearest the Sun. 

Period. (Greek, abmtt a way.) Any length of time greater 
than those portions usually employed as measures 
of it. 

Periodic Time. That which a planet, comet, or satellite 
takes to complete a revolution round the Sun, or its 
primary. 

Periodical Stars. Certain of the fixed stars are so termed 
because they vary in their brilliance in definite periods 
of time. Some appear and disappear by turns, as is the 
case with o Ceti, y Hydrw, /3 Persei, and others. This 
latter circumstance first led astronomers to form cata- 
logues of the stars. 

Periceci. (Greek, ncpiy about, and otxeo, to dwell.) Those 
people who have the same latitude, but opposite lon- 
gitude. 

Perpetual Apparition, Stars of. Such as never rise or 
set. 

Phase. (Greek, appearance,) The variation in the quan- 
tity of the enlightened hemisphere of the Moon that 
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is seen from tlie Earth, occasioned by the Moon's change 
of place relatively to the Sun and Earth. 

Plane. (LaUn, smooth*) An imaginary surface, which, 
when supposed to pass through the centres of the Earth 
and other bodies, and extended to the heavens, is called 
the plane of a planet's orbit. 

Planets. (Greek, TrXai^n/r, a wanderer.) Heavenly bodies, 
which move round another, as their centre of motion. 
Primary planets are such as move round the Sun, as a 
centre : sec&nda/ry planets are moons, which move round 
their primary planet. 

Polar Cibcles. These are two small circles, 2d|*^ from the 
Poles. The northern is called the onAio circle, and the 
southern the mOa^rfAw. 

Polar Distance, is an arc of a meridian between the centre 
of the object and the pole of the equinoctiaL 

PoLARLS. The name given to a Urs® Minoris, as being the 
star at present nearest to the pole, or nearest in the 
line of the earth's axis indefinitely prolonged in 
space. 

Pole. (Greek, from ttoXco), to turn.) The points on the 
surface of a sphere which are the extremities of the 
diameter the solid is supposed to revolve on ; and also 
the imaginary points of the celestial sphere through 
which the axis of rotation of the Earth or other planet 
would pass, if indefinitely produced. 

Poles, of any Great Circle of a Sphere, are the two points 
in which a diameter perpendicular to the plane of that 
circle, cuts the sur&oe. Hence, the poles of a great 
circle are at 90° distance from every point in its circum- 
ference. 

Precession. (Latin, ^ozw^ before,) The Sun, Moon, and 
planets' attraction of the equatorial parts of the Earth 
causes a secular fluctuation in the inclination of the 
equator to the ecliptic ; the mean result is, that the 
line joining the equinoctial points retrogrades on the 
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plane of the ecliptic ; this motion is called ikte preces- 
sion of the equiruKceSy and the line would complete a 

revolution in the ecliptic, in 25868 yeais. 
Prime Vertical. That azimuth circle which paeaes through 

the east and west points of the horizon. 
Quadrature. (Latin, a qttarter,) That aspect of the 

Moon, when half of her illuminated sur&ce is tumad 

to the Earth. 
QuARTiLE. An aspect of the planets, when they are 90^ 

or a quarter of the Zodiac apart. 
Babius-tector. (Latin, literally c€Mririer'radiuiJ) The 

straight line drawn from the centre of the Sim to that 

of a planet, or irom the centre of a planet to that of 

its satellite, when hoth reyolye round a commoii centre 

of gravity, and reciprocally act on each other by 

gravitation. 
Refraction. (Latin, bending back,) A distortion of the 

rays of light in passing through a new medium. 

Hence, the heavenly bodies, viewed obliquely through 

the atmosphere, appear at a greater height than they 

really are. 
Retrograde. An apparent motion of the planets in some 

parts of their orbits, when they seem to go backwards, 

or contrary to the order of the signs. 
Revolution. The motion of a planet in its orbit round the 

Sun or its primary, in contradistinction to its rotation 

on its axis. 
Revolution, Tropical. The consecutive return of a planet 

to the same equinox or tropic. 
Revolution, Synodic, of the Moon. The interval between 

two consecutive new or full moons. 
Rhumbs. These are the divisions of the horizon into 

thirty-two parts, called also the points of the compass: 

each point contains 11^°. 
Rotation. (Latin, turning on a wheel.) The motion of a 

solid on an axis, used to distinguish the tUumal motion 
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of a planet on its axis fiom its annual revolution in its 
orbit. 

Satellite. (Latin, tm aUendamiy or parasite,) The name 
given to those secondary planets which rerolve round 
certain of the primary ones of our system. The Moon 
is the satellite of the Earth. 

Secondary Circles of the Sphere, are such as pass through 
the poles of some chief Great Circle. 

Sextile. An aspect of the heavenly bodies, when they are 
60^ distant from each other. 

Sign. Formerly the ecliptic was divided into twelve equal 
divisions of 30^ each, commencing at the equinoctial 
point, in consequence of the twelve signs of the Zodiac ; 
but this division is now abandoned, and the degrees 
are numbered from to 360, without any higher 
division. 

Signs of the Zodiac. Twelve constellations lying near the 
plane of the ecliptic, through some part of w^hich, 
therefore, the Sun appears to pass in succession during 
his annual course. The names of these signs, and the 
characters used in astronomical works to express them, 
are as follow. (See Aries.) Aries, T; Taurus, ^ ; 
Cremini, U ; Cancer, S ; Leo, £i ; Virgo, TJ ; Libra, €^ ; 
Scorpio, rn. ; Sagittarius, J ; Capricomus, W* ; Aqua- 
rius, IZi Pisces, K* 

Solstice. (Latin, the standing still of the SunJ) The time 
when the Sun arrives at either of the solstitial points, 
and seems for some days to vary neither in declina- 
tion, nor in meridian altitude. 

Solstitial Points. These are the two signs of the Zodiac, 
Cancer and Capricorn, at which the ecliptic touches 
the Tropics, and into which the Sun enters on our 
longest and shortest days: they are, therefore, the 
higher and lower parts of the ecliptic. 

Southing. A term applied principally to the Moon, to 
express her coming to the meridian. 
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Sphere. (Greek.) A geometric solid, produced by the 
reyolution of a semicircle about the diameter. The 
great circles which are assuiBed as sabtending the 
angular distances of the heayenly bodies^ and those 
circles which are the projections of their yarioiis orbits, 
are referred to an imaginary q^bere which is repre- 
sented by the ordinary celestial globes. 

A ri^ht sphero is that position of the Earth, when 
the equinoctial passes through the zenith and nadir, 
the poles being in the horizon. A i^ira/Zsf sphere is 
when the horizon coincides with the equator, the 
poles being in the zenith and nadir. An MvfM 
sphero is when the horizon cuts the equator obliquely. 

Spheroid. A geometrical solid, produced by the rovolution 
of an ellipse about an axis: the spheimd is called MaU 
when the conjugate axis is that on which the rotation 
is made ; and prolate when the rotation is made about 
the transverse axis of the ellipse. 

Stars. The countless, luminous bodies that aro scattered 
throughout space; most of which aro, probably, the 
centres of planetary systems, like that of which our 
Earth is a member. The Sun is hence considered as 
a fixed star, as these bodies aro termed, in contradis- 
tinction to the planets, &c., which revolve round 
them. There are many stars which, to judge by 
their light, as far exceed our Sun in magnitude, as 
the planet Jupiter exceeds the Earth. 

Stationary. That state which a planet is in, when it has 
no apparent motion. 

Sttle. a maimer of reckoning time: also the shadow- 
producing part of a dial. 

SuK. The star that constitutes the centre of our planetary 
system, and by whose attraction the planets are kept 
revolving round it. 

Superior Planets, are those whose orbits are without the 
orbit of the Earth : they are also called exterior » 
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System. A number of heavenly bodies revolving round a 
common centre. 

Syztgy. (From Greek, ot/jt, together, fvyor, yoke.) A 
planet, but more commonly the Moon, is said to be in 
syzygy, when she is in conjunction or oppontion; that 
is, when she is new or JitU. 

Telescopic Stars. Are those stars which are only disco- 
verable by means of a telescope. 

Tides. Risings and fallings of the waters of the Earth, in 
consequence of the attractions of the Son and Moon. 
Spring tides are such as are occasioned by the joint 
attraction of the Sun and Moon : neap tides result from 
their attractions mutually oppoGong each other. 

Time, True Solas, is measured by the consecutive return 
of the Sun to the meridian of any place. 

Time, Mean Solab, is estimated by the return to the same 
meridian, of an imaginary sun supposed to move 
in the equator with an equal mean motion. See Day. 

Time, Equation of. The difference between mean and 
apparent time. 

Time, Sidereal, is estimated by the consecutive apparent 
return of the Sun to the meridian of the same £xed 
star. See Day. 

Time, Apparent Sidereal, is estimated by the transit of 
the equinoctial point at any place, and is variable 
owing to the effects of precession and nutation. 

Transit. (Latin, firom transeo, to pass over.) The passage 
• of one of the inferior planets across the disk of the 
Sun is so termed: also, the apparent passage of any 
heavenly body across the meridian of a place, in conse- 
quence of the Earth's diurnal motion, is termed its 
transit^ when it is observed through a telescope so 
mounted that its line of oollimation shall lie in the 
plane of that meridian. 

Trine. An aspect of the planets when they are 120*' from 
each other. 
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Tbopigs. (Greeky from rpcn-tf, to torn.) The points in the 
ecliptic where the Earth is situated^ when the Sun lies 
in a plane passing through the Earth's axis perpen- 
dicolar to the plane of the ecliptic. These points are 
so called because the Sun, when he arrives at them in 
his apparent annual course, seems to twm agdn towards 
the equator. 

Twilight. A £Eunt light which we perceive before the 
runng of the Sun, and after his setting ; owing to the 
Earth's atmosphere refracting the solar rays. 

Umrra. (Latin.) A shadow cast by a heavenly body. 

Variatiok . A name given to certain perturbations : that of 
the Moon is an alternate acceleration and retardation 
of her motion in longitude when she is in quadrature, 
owing to the attraction of the Sun acting in a line 
tangential to her orbit. 

Year. (Teutonic, JiUr.) The portion of time in which a 
primary planet performs a revolution in its orbit round 
the Sun. 

Year, Anomalistic. The time intervening between two 
successive passages of the Earth through an aphelion 
or perihelion: it is longer than the sidereal year by 
the time the Earth takes to move through the space 
the line of the apsides has advanced, owing to pre- 
cession. 

Year, Civil, consbts of an exact number of days, an allow- 
ance being made at certain recurring periods for the 
fraction of a day neglected in the ordinary reckoning. 

Year, Julian. The year according to the Old Style, or as 
settled by Julius Cssar. 

Year, Sidereal. The time occupied by the Earth in its 

^ revolution from any point in its orbit, till its return to 
the same; that point being determined by a line drawn 
from the Sun's centre to any fixed star that lies in the 
plane of the ecliptic. The sidereal year is equal to 
366^ &" 9' 9-6". 
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Year, Tropical. The time taken by the Earth to move in 
its orbit from the yemal equinoctial point till it returns 
to the same again; it is equal to 005^ 6^ 48^ 49*2^ 

Zenith. This is generally the point in which a dia> 
meter to the Earth, passing through a spectator's 
position, cuts the celestial sphere over his head. But 
since the Earth is not a spherical body, the Zenith of 
any point, more correctly speaking, is the point in 
which the celestial sphere is cut by a line from that 
point, which line is perpendicular to the tangential 
plane at the same point. The sfenith distance is the 
arc of a vertical circle, between the centre of a heavenly 
body and the zenith. It is what the altitude of the 
body wants of 90**. 

Zodiac. (Greek, {mduucosy from {aa, to live, on account of 
the animals of the constellations comprised in it.) A 
zone of the celestial sphere comprised between two small 
circles, one on each side of the ecliptic, at equal dis* 
tances from, and parallel to, it. The orbits of nearly 
all the primary planets lie within this zone. It is IG^ 
broad, and is divided into two equal portions by the 
ecliptic. 

Zodiacal Light. A luminous appearance observed at car* 
tain periods^ near the Zodiac, about sunrise or sunset. 

Zone. (Greek, a hand,) A division of the sphere, con- 
tained between any two parallels of latitude. On the 
terrestrial globe are reckoned Jive zones :^ne tonid^ 
two temperate, and two frigid. 
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Addisok, 2 

Almanac, 267 

Alphabet, 276 

Altitude, 145, 214, 242, 904 

Amplitude, 215 

Angles, measurement by, 57 

Aphelion, 96, 128 

Apogee, 128 

Apparent size, 56 

Arcturus, 252 

Asteroids, 186 

orbits <rf, 188, 189 

Astrolabe, 299 
Astrology, 285 
Atmosphere, 157 
Attraction, 162 
Azimuth, 214, 242 

Baker, quoted, 182 

Baltic, 173 

Bear, Great, 10, 12, 246, 251 

Little, 250, 251 

Biela, 235 
Bissextile, 270 
Bode, 211 
Bootes, 252 
Burning-glass, action of, 69 

Calendar, 267 
CamelopardalaB, 252 
Oamoens, quoted, 93, 253, 300 
Cassini, 254, 257 
Cassiopeia's chair, 11 
Centrit\igal force, 94 



Ceres, 187, 189 

Ceuta, 298 

Chalmers, qupted, 42, 217, 261 

Christianity, 120 

Chumularee, 101 

Church-service, 277 

CSicles, greater and less, 141 

Arotic and Antarctic, 

141, 281 

Clairaut, 231 
Clepsydra, 286 
ColumbBfi, .120 
Coma, 225, 227 
Comets, 13, 222 

orbits of, 40, 228 

Comet of Halley, 231 

Encke, 233 

Biela, 235 

Conic Sections, 229 
Conjunction, 76 
Constantino, 276 
Constellations, 15, 149, 243 
Cook, Captain, 8 
Copernicus, 20 

Cross, constellation of the, 252 
Cusps, 1 1 7 

Darwin, quoted, 149, 209 
Day, natural, 281, 285 

sidereal, 254 

Declination, 241 

circles of, 213 

Deuteronomy, quoted, 104 
Digits, 128 
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Dis^ 65, 113 
Dominioal Letter, 276 
Draco, 242, 252 

Earth, appearance of, to the 

Mood, 101, 109 

axis of, 11, 95, 212 

density of, 101 

diameter of, 96 

distance from the Smi, 

96 
inclination of axis of, 85, 

98, 142 

motions of, 97> 98, 254, 
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272, 281, 287 

orbit of, 38, 96 

phases of, 73 

. poles of, 95, 140, 175,281 

— rotundity of, 6, 93 

spheroidlal figure of, 94 

Easter Day, 277 
Eccentricity, 229, 243 
EcUpses, 119,137,243 

solar, 123 

partial, 123 

total, 124 

annular, 124, 128 

lunar, 132 

Ecliptic, 74, 140, 241 

Elements, 231 

Emersion, 195 

Encke, 233 

Epact, 276 

Ephemeris, 79, 268 

Epicycloid, 19 

Equation of Time, 275, 281, 

287 
Equator, 140, 176, 213 
Equinoctial, 241 
Equinox, 241, 243 
Ether, 228, 234 

Faculse, 64 
Focus, 37, 69 
Franklin, Captain, 67 



Gralaxy, 245 

Galileo, 63, 192, 201, 260 

Globe, terrestrial, 140 

celestial, 212 

Golden Number, 275 
Gravitation, 29, 210 

Hadley, 301 

HaUey, 231 

Harding, 187 

Harvest and Hunter's Moon, 

111 
Herschel, Sir W^ 65, 202, 206, 

208, 239, 644, 245, 246, 249, 

255 

Sir J^ 202, 2l€, 24^ 267 

Hevelius, 104 
Hipparchus, 151,243 
Hippocrates, 284 
Hogarth, 271 
Homer, 284 
Hoiizon, 156, 214 

artificial, 305 

Horrox, 85 
Hours, 282, 286 
Hour-glass, 286 

Immersion, 195 
Inclination of Axes, 186 

of Orbits, 74 

Jerome, 297 

Jews, 282 

Julian Period, 277 

Julius Caesar, 269, 284 

Juno, 187, 189 

Jupiter, angle subtended by, 

191 
angle of his orbit with 

the ecliptic, 191 

belts of, 191 

density of, 191 

dimensions, motions, and 



distance from the Sun, 190 
eclipses and transits of 
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Jupiter, form o^ 191 

satellites of, 192, 246, 269 

Kater, Captain, 202 
Kings, Second Book of, quoted, 
297 

Latitude, 189, 213, 273 
Latitude and Longitude, 174, 

241, 242, 243. 274 
Leap- Year, 269, 270, 276 
Libration, 111 
Light, progressive motion of, 

193, 196, 250 

undulatory theory of, 234 

Longitude, 193, 196, 241, 242, 

244 
Lunar cycle, 276 

distances, 244, 304 

Lunation, 27 1> 272 
Lynx, 252 

Maculse, 64 

Magnitudes, 239 

Mallet, quoted, 174, 190, 199, 

206 
Mars, angle subtended by, 185 
comparison of, with the 

Earth, 186 

density of, 186 

motions of, 182 

phases of, 182 

whiteness of his poles. 
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Mashoos, 284 
Mazzaroth, 252 
^Mechanics, 173 
Mediterranean Sea, 173, 279 
Mercury, 70 

angle subtended by, 72 

density of, 79 

effects of propinquity to 

the Sun, 71 

elongation of, 72 

motions of, 71 



Mercury, phases of, 72 
time of meridian-pas- 
sage, 79 

transit of, 75 



Meridian, 98, 176, 213, 214 

Meyer, 208 

Micrometer, 243 

Midday, 281, 282 

Midnight, 281, 282 

Milky Way, 246 

Milton, quoted, 14, 19, 79, 92, 

98, 102, 120, 238 
Month, 108, 271,286 
Moon, 8, 244, 269, 271 

appearance of, 136 

atmosphere of, 107 

day and night of, 1 10 

density of, 104 

diameter of, and distance 

from the Earth, 102 

inclination of axis of, 104 

Ught of, 103 

her light devoid of heat. 
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motion on her axis, 109 
orbital motion of, 103, 108 
orbit of, 40, 108, 112 
phases of, 114, 274 
valleys and mountains of, 



southing of, 273 

rising and setting of, 274 

age of, 274, 276 

influence of, on the hu- 
man body, 274 

Moon-dial, 296 

Mortar in St. Jameses Park, 
force of, 33 

Motion, causes of, 27 

Nadir, 167, 214 

Nautical Almanac, 195, 209, 

244 
Nebulae, 249 
New Style, 270 
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VewU>n,2B, 174, 226, 236, 255 
Nice, Council of, 276 
Nights, 284 
Nodes, 112,122 
Noon-day shadows, 289 
Notes of the Almanac, 275 
Number of Direction, 276 
Nycthemeron, 285 

Obliquity of equator with 

ecliptic, 98, 280 
Observation, fore and back, 

303 
Observatory of Greenwich, 
• 176,188,243 
Occultations, 195, 254 
Olbers, 187 
Opposition, 76 
Orbits, 37 
Orion, 252 

0\'al,37 

Pallas, 187, 189 

Parallax, 86, 243 

Parallels, 176 

Pedestal, 290, 295 

Penumbra, 65, 124 

Perigee, 127 

Perihelion, 96, 232 

Piazzi, 187 

Place, true and appai*ent, 87 

Planets, adjustment of velo- 
cities of, 35 

comparative distances 

from theSun, 23, 211 

comparative sizes, 48, 21 1 

coniiiarative diameters, 

50 

motions of, 181 

sorts of, 13, 70, 180 

what metals typical of, 
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— what days of the week 
indicative of, 52 

— whence named, 51 



Pleiades, 252 
Pointers, 251 
Pole-star, 11, 251,300 
Pontifex Maximus, 268 
Pope Grregory XIII^ 270 
Prayer-Book, 277 
Precession of the Equinoxes, 

151 
Prince Henry of Portogal, 298 
Prism, 65 
Psalmsy quoted, 1, 235, 282, 

286 
Ptolemy, 15, 161, 174, 243 
Pythagoras, 20 
Pytheas, 174 

Quadrant, 278, 297, 301 
Quadrature, 117 ^ 

Reduction for the centre, 87 
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Right Ascension, 214, 242 
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Saturn, angle subtended bv, 

201 
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Seasons, 138 
Sextant, 301,302 
Short, 202 
Shooting Stars, 254 
Sinus, 240, 244 
Solar Cycle, 276 
Solstice, Summer, 154 

Winter, 155 

Sosigenes, 270 
South, Sir J., 246 
Spectrum, dark lines of, 65 
St. Vincent, Promontory of, 
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Stars, 10, 148, 215, 239, 242, 
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moveable, 245 

double, triple, &c, 246 

circumpolar, 251 

of perpetual apparition. 
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telescopic, 193^ 244 



Struve, 202 

Sun, 5, 53, 153, 269, 272, 275 

atmosphere of, 64, 65 

comparative size of, 50 

comparative dimensions 

of, as seen from the planets, 

60 

heating effects of, 66 

luminosity of, 62 

motion on his axis, 54 

nature of his heat, 68 

orbital motions of, 64 

' parallax of, 91 

size of, 101 

spots, 54, 63 

substance of, 69 

variation in apparent size 
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— variation in distance from 
the Earth, 60 

weight and density of, 
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— apparent annual motion 

of, 269, 270, 276 



Sun, rising and setting of, 272^ 
282,288 

Sun-dial, 275, 278, 286, 287 
289 

horizontal, 291 

vertical, 293 

style, gnomon, and sub- 
style of, 291 

Sunday Letter, 276 

System of Copernicus, 21 

of Ptolemy, 17 

of Tycho Brahe, 25 

Tacitus, 284 

Telescope, reflecting, 209, 255 

— varieties of, 254, 257 

Newton's, 258 

Herschel's, 255, 260 

Thales, 20. 

Thomson, quoted, 3, 29, 36, 49> 
66, 70, 79, 102, 151, 152, 221 
Tides, 162 

Spring and Neap, 167 

Aerial, 174 

Time, 267, 278 
Tomlinson, C., quoted, 196 
Transits, 75 
Trigonometry, 243 
Tripe de Roche, 67 
Tropics, 141 
Twilight, 167 
Tycho Brah6, 24, 208, 286 

Umbra, 124 
Uranus, 206, 254, 257 

angle subtended by, 208 

density of, 208 
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distance from the Sun, 207 
satellites of, 209, 257 



Venus, 79, 246 

apparent diameter of, 86 

atmosphere of, 91 

brilliancy of, 80, 83 
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Venus, comparative size of, 83 

density of, 91 

dimensions o( 80 

elongation of, 84 

— ^ inclination of axis of, 85 

morning and evening 

Star, 84 
— motions of, 80 

mountains of, 91 

phases of, 83, 259 

seasons of, 85 

spots of, 84 

transit of, 86 

Vesta, 187 
V]gilise,284 



Watches, 286 
Week, 272 

names of the days o^ 285 

Weight, 210 
Wheel-clocks, 286 
White's Ephemeristy 195 

Year, Solar and Sidereal, 97 

first Julian, 270 

Young, quoted, 236, 250 

Zenith, 167, 214, 243 
Zodiac, 149, 189 

constellations of, 249 

Zodiacal Light, 216 
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